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ABSTRACT 
 
Dairy producers are faced with a multitude of challenges regarding dairy cattle 
production. One such challenge common for cows fed whole-plant corn silage (WPCS) is the 
often negative effect of fungi. Fungi affect WPCS both in the field and post-harvest; and can 
cause serious issues for cows that consume it. The use of fungicide (FUN) in the field and 
feeding adsorbents (AD) to cows are ways to combat the negative consequences caused by fungi 
and their resulting toxins (mycotoxins). Fungicides work on the corn plant in the field to halt 
fungus growth, while AD such as clay and yeast work in the rumen to mitigate the negative 
effects associated with the consumption of mycotoxins on WPCS and other feedstuffs. This 
research aimed to delve into the consequences of foliar FUN on WPCS and of feeding AD to 
cows challenged by aflatoxins (AF).  
To examine the effects of FUN on WPCS in the field and post-ensiling, treatments were 
assigned to 16 3.38-ha plots in a completely randomized split-plot block design. Treatments 
were: brown midrib corn (BMR) or floury corn (FLY) without FUN (CON), BMR with FUN 
(pyraclostrobin and metconazole; Headline AMP, BASF, Florham Park, NJ), and FLY with 
FUN. Samples of whole corn plants were collected and separated into leaves, stalks, flag leaf, 
and cobs. Fresh-cut, WPCS samples were collected at harvest and sealed inside mini-silos for the 
duration of their respective ensiling times. Brown midrib corn plants had a greater number of 
green leaves than FLY with 11.81 and 11.34 ± 0.09 leaves, respectively (P = 0.001). Corn plants 
in CON had a greater number of yellow leaves than corn plants in FUN with 0.28 and 0.08 ± 
0.02, respectively (P < 0.0001). Corn treated with FUN tended to yield more total WPCS than 
CON with 63,634 and 60,488 ± 1,533 kg/ha, respectively (P = 0.08). Whole plant corn silage 
lignin (ADL) content decreased as days ensiled increased with 31.61, 28.48, 25.48, and 22.38 ± 
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0.77 g/kg of DM for d 0, 30, 90, and 150 d, respectively (P < 0.0001). Floury WPCS had a 
greater ADL content than BMR WPCS with 31.25 and 22.72 ± 0.61 g/kg of DM, respectively (P 
< 0.0001). Brown mid-rib WPCS had a greater NDF digestibility at 30 h than FLY WPCS with 
572.6 and 492.3 ± 6.9 g/kg of DM, respectively (P < 0.0001). Floury WPCS had greater 
undigested NDF than BMR WPCS with 125.3 and 96.1 ± 2.1 g/kg of DM, respectively (P < 
0.0001). Brown mid-rib corn kernels had a greater kernel vitreousness score than FLY corn 
kernels with scores of 3.11 and 2.65 ± 0.13, respectively (P = 0.05). A variety × treatment 
interaction was observed for kernel vitreousness score with scores of 3.23, 2.99, 2.49, and 2.80 ± 
0.14 for BMR/CON, BMR/FUN, FLY/CON, and FLY/FUN, respectively (P < 0.0001). From 
this study we concluded that BMR WPCS treated with FUN and ensiled for 90 to 150 d may 
result in the most superior WPCS when fed to dairy cows. 
 When FUN aren’t enough to protect WPCS from fungal infestation, AD are commonly fed 
to cows in order to alleviate the negative effects of toxins on cows. In the first cow trial, lactating 
Holstein cows [(n = 76); BW (mean ± SD) = 698 ± 72 kg; DIM = 153 ± 83 d] were assigned to 1 
of 5 treatments in a randomized complete block design. The trial lasted 28 d and measurements 
were made from d 22 to 28. From d 22 to 24 cows received an AF challenge (100 μg of AFB1/kg 
of diet DM administered orally). Treatments were: no AD and no AF challenge (CON); no AD 
plus an AF challenge (POS); 30 g per cow per d of an AD with proprietary composition of yeast 
cell wall and bentonite clay (P30); 60 g per cow per d of the same AD previously mentioned 
(P60); and 60 g per cow per d of a prototype AD (PROT). Blood was sampled on days 22 and 
26 (n = 2 per cow), and analyzed for superoxide dismutase (SOD) concentration. Milk samples 
from d 22 to 26 were analyzed for AFM1 concentrations by HPLC. Fecal samples collected from 
the rectum on d 22 and 24 were analyzed for AFB1 concentrations via HPLC. A quadratic 
treatment effect (P < 0.0001) was observed for plasma SOD concentrations at 2.77, 1.99, and 
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1.97 ± 0.05 U/mL for POS, P30, and P60 treatments, respectively. Aflatoxin M1 transfer (11.4 
and 0.00 ± 1.60 g/kg), excretion (29.52 and 0.00 ± 4.58 µg/d), and concentrations in milk (0.76 
and 0.00 ± 0.16 µg/kg) were greater for POS than CON, respectively (P < 0.0001) but no 
differences were observed among other treatments. A tendency for a quadratic treatment effect 
(P = 0.08) was observed for fecal AFB1 concentrations at 6.78, 8.55, and 5.07 µg/kg for the POS, 
P30, and P60 treatments, respectively. Oral supplementation of yeast and bentonite clay-based 
AD during AF challenge resulted in quadratic changes in plasma SOD and fecal AFB1 
concentrations; however, no differences were observed for DMI or milk yield. From this study 
we concluded that yeast cell wall and bentonite-based AD may be beneficial in reducing 
inflammation during an AF challenge.  
 In a second cow study, we sought to determine the ruminal degradability of feedstuffs in 
response to 3 concentrations of dietary clay in lactating dairy cows. Treatments were: no clay 
(CON), 10, or 20 g/kg of dietary DM as clay (EcoMix®, UMG, Ukraine). Samples (8 g) of dried 
alfalfa hay (AH), grass hay (GH), wet brewer’s grains (WBG), ground corn (GC), corn silage 
(WPCS), or soybean meal (SBM) were placed into polyester bags (3 replicates per feed) and 
incubated for 0, 2, 4, 8, 12, 48, 72, or 96 h in 3 rumen-cannulated cows. Recovered bags were 
analyzed for DM, NDF, ADF, starch, and CP for all feedstuffs, as well as total fatty acids (TFA), 
saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), and polyunsaturated fatty 
acids (PUFA) for GH, WBG, and WPCS. Soluble (SF), digestible (D), and indigestible (I) 
fractions; and fractional rate of digestion (Kd) and effective degradability (ED), were estimated 
for each feedstuff, treatment, and cow combination. Dry matter SF for GH was 0.14, 0.17, and 
0.12 g/100 g of DM for CON, 10, and 20 g/kg (P = 0.03). Dry matter Kd for GH was 0.026, 
0.015, and 0.022 h-1 for CON, 10, and 20 g/kg (P = 0.02). Digestible DM for WBG was 0.59, 
0.66 and 0.76 g/100 g of DM for CON, 10, and 20 g/kg (P = 0.04). Dry matter ED for WBG was 
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0.44, 0.41, and 0.31 g/100 g of DM for CON, 10, and 20 g/kg (P = 0.02). Soluble DM for SBM 
was 0.26, 0.34 and 0.15 g/100 g of DM for CON, 10, and 20 g/kg (P = 0.04). Dry matter ED for 
SBM was 0.48, 0.57, and 0.39 for CON, 10, and 20 g/kg (P = 0.002). From this study, we 
concluded that the addition of clay at 10 or 20 g/kg of total dietary DM increased SF of GH and 
SBM, ED of SBM, and D of WBG.  
As a whole, this research aimed to provide practical solutions to a common problem 
faced by dairy farmers regarding mycotoxins both in the field and in feedstuffs. In the field, FUN 
may improve the health and quality of corn plant and WPCS, while AD are useful for attenuating 
the negative effects of toxins within the cow. Lastly, the addition of a clay-based AD may 
improve the degradability of some feedstuffs making it effective in maximizing both health and 
productivity of dairy cows.  
 
 
Key words: foliar fungicide, whole plant corn silage, aflatoxin, adsorbent, degradability, clay, 
yeast
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Introduction  
Increased consumer awareness about their food sources has become evident in the last 
several years. Consumers have developed more interest in not only the nutritional value of their 
food, but also the standards by which it is grown or raised (Wunderlich and Gatto, 2015). It is 
more important than ever to inform the public that their food comes from safe, reliable sources 
that meet animal welfare and human consumption safety standards (McGlone, 2001). Evaluating 
current on-farm practices and relaying those practices to the public is of paramount importance. 
Illinois dairy farms were evaluated in 2014 regarding their practices on nutrition, reproduction, 
and young stock (Rivelli et al., 2017). These results allowed Illinois dairy producers to compare 
their current conditions to all other farms in the state in an effort to improve the dairy industry in 
the state of Illinois as a whole (Rivelli et al., 2017). Illinois dairy farms are faced by a multitude 
of challenges; however, the primary focus of this research is to evaluate fungal and toxin 
contamination in the field and to understand how those issues are combated on farm and 
physiologically by the cow. 
Field challenges  
Corn products are undeniably an important source of feed for ruminant animals in the 
United States. Whole-plant corn silage (WPCS) is one of the most essential corn products used 
for dairy operations as approximately 89% of dairy farms incorporated WPCS in diets for 
lactating cows in 2014 (USDA, 2014). Globally, the United States produced the most corn in 
2014 at 327 million metric tons with approximately 14% of total corn production devoted to the 
production of WPCS (USDA, 2014). Typically, WPCS is included in lactating dairy cow diets 
up to 40 to 60% of the TMR on a DM basis and thus is a critical component of those diets (NRC, 
2001).  
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During growth, the corn plant undergoes 2 phases of development: vegetative stages and 
reproductive stages (Mueller and Pope, 2009). The vegetative stages are determined based on the 
total number of leaves with a visible collar (Mueller and Pope, 2009). A collar can be classified 
as the off-white band at the base of the leaf blade where it extends away from the stalk (Mueller 
and Pope, 2009). Vegetative growth stages include emergence of the shoot from the soil (VE), 
development of a collar on the lowest leaf (V1), development of a collar on the 2 lowest leaves 
(V2), development of up to 17 to 22 leaf collars (V(n)), and appearance of the lowest branch of 
the tassel (VT; Mueller and Pope, 2009). The reproductive stages are defined based on kernel 
maturity (Mueller and Pope, 2009). These stages are classified as follows: any silk is visible on 
the cob (R1), kernels are small and white and the endosperm fluid is clear (R2), kernels are 
yellow with milky white fluid (R3), kernel contents are pasty as starch accumulates (R4), most 
kernels are dented due to starch hardening at the top of the kernel (R5), and the milk line is no 
longer visible and a black layer forms at the kernel’s attachment signifying the end of dry matter 
accumulation (R6; Mueller and Pope, 2009). The main physical changes occurring in the corn 
plant at VT are the emergence of the tassel and the development of full plant height (Nleya et al., 
2016). At the R5 stage of growth, the milk line (a distinct horizontal line) forms between the 
yellow and white areas on the kernel, nearly all of the kernels begin to dent, and the moisture of 
the corn kernels reaches approximately 55% DM (Nleya et al., 2016). This is the stage at which 
most WPCS reaches between 30 and 38% DM, can be considered mature, and is harvested 
(Mahanna et al., 2013). 
Due to the importance of WPCS in the diet of lactating dairy cows, WPCS quality control 
is of utmost importance to dairy producers and nutritionists. In fact, recent reviews describe in 
detail the current literature on WPCS feeding management and cow behavior (Grant and 
Ferraretto, 2018), current recommendations on optimizing WPCS quality at harvest (Ferraretto et 
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al., 2018), and common issues regarding DM and quality loss in WPCS (Borreani et al., 2018). 
Researchers over the years have developed many ways to manipulate dietary WPCS fed to dairy 
cows to elicit a favorable production response. It is well understood that the fermentability and 
chemical composition of silage fiber along with the cows social environment influence the cow’s 
feeding behavior and DMI (Grant and Ferraretto, 2018; Oliveira et al., 2017; Grant and Albright, 
2001). In particular, it is possible to influence the eating time of cows by over 1 h/d by 
manipulating WPCS fiber content, digestibility, and particle size (Grant and Ferraretto, 2018). 
Optimizing WPCS particle size and fiber digestibility is important particularly under competitive 
feeding situations because silages with exceptionally coarse particles and poor fiber digestibility 
limit DMI due to increased eating time requirements exceeding time available at the feed bunk 
(Grant and Ferraretto, 2018). Likewise, excessively coarse particle sizes of WPCS can lead to 
increased sorting behaviors, which can negatively impact cow health and productivity (Grant and 
Ferraretto, 2018). Ferraretto et al. (2018) also highlighted the importance of WPCS maturity and 
proper cutting height at harvest. A trade-off exists between harvesting WPCS at later maturity 
for the sake of increased kernel starch content and harvesting at an earlier maturity to target 
improved stover (stalk, leaves, and husk) digestibility (Ferraretto et al., 2018). Most researchers 
conclude that the ideal harvest maturity of WPCS for optimum milk production exists between 
32 and 25% DM; however, more research is necessary to understand the optimum harvest 
maturity of WPCS for both starch and fiber digestibilities, particularly for modern hybrids 
(Ferraretto and Shaver, 2012; Allen et al., 2003; Johnson et al., 1999). Cutting height at harvest 
also affects WPCS nutritive value (Ferraretto et al., 2018). Increasing the cutting height typically 
leads to decreased DM yield but this decreased yield is offset by improved milk yield, starch 
content, NDF digestibility, and harvest efficiency (Ferraretto et al., 2018). Neylon and Kung 
(2003) increased cutting height from 12.7 to 45.7 cm in leafy WPCS and reported a tendency for 
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10% WPCS yield with a tendency for increased milk yield by 1.5 kg/d and feed efficiency (1.67 
vs. 1.72 kg milk/kg of DM consumed).  In addition to understanding the optimization of fiber 
characteristics and particle size at feeding and the importance of WPCS maturity and proper 
cutting height at harvest, Borreani et al. (2018) described practical considerations during the 
ensiling process of WPCS. Particularly, these authors suggested the use of inoculants at harvest 
specific to the problems faced by the farm, proper packing density (705 kg/m3) to limit porosity 
in a horizontal silo, effective sealing with plastic to limit oxygen permeability, and proper silo 
face management (Borreani et al., 2018). Simple management practices such as these are 
important in preventing DM loss, increasing overall efficiency of production, and ultimately 
leading to a high-quality WPCS for dairy cattle feed consumption.  
The impacts of physical and chemical composition of WPCS during growth, harvest, and 
ensiling on cow health and productivity are well established. In addition to those results and 
recommendations, a variety of laboratory tests can easily be performed on WPCS and other 
feedstuffs to determine nutrient quality and a TMR and feeding routine can be adjusted 
accordingly. However, fungal disease on WPCS both in the field and during storage post-harvest 
is much more difficult to control. An estimated 7.5% of corn from 21 corn producing states was 
lost to seedling blight and foliar diseases in 2013 (Mueller and Wise, 2014). For every 1% 
increase in the disease severity of Gray Leaf Spot, caused by the fungus Cercospora zeae-
maydis, corn yields are reduced by 47.6 kg/ha (Ward et al., 1999). Additionally, for every 10% 
increase in the severity of Common Rust on sweet corn, caused by the fungus Puccinia sorghi, 
corn yields are reduced by 2.4 to 7.0% (Shah and Dillard, 2006). Furthermore, mycotoxins, 
developed as a secondary metabolite of the fungi Aspergillus flavus and A. parasiticus, 
contaminated 12.5% of the total harvested grain in the US in 2013 (Mueller and Wise, 2014). 
Fungal diseases and damage to corn in the US cause devastating corn yield losses.  
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Not only do these fungi cause yield losses to corn, but they also decrease nutritive value. 
Queiroz et al. (2012) inoculated corn plants with the fungus Puccinia polysora (Southern Rust) 
at different levels (none, medium, or high) and ensiled the plants as corn silage. Increased rust 
infestation increased plant DM, NDF, and ADF and negatively influenced in vitro DM true 
digestibility, in vitro NDF digestibility, and fermentation characteristics (Queiroz et al., 2012). 
Additionally, Wang et al. (2010) evaluated the effects of inoculating corn plants with Northern 
Leaf Blight, caused by the fungus Exserohilum turcicum. These researchers then ensiled this 
corn and fed it to sheep. They observed greater concentrations of NDF and ADF for 
contaminated WPCS and a decreased DM digestibility for sheep fed diseased corn compared to 
control (Wang et al., 2010).   
Plants have developed a 3-fold defense mechanism against fungi: physical barriers, 
microbe detection, and chemical defense. First, plants have developed a physical barrier to 
fungal invasion. Plant primary cell walls are composed of cellulose, hemicellulose, and pectin 
while the secondary cell wall is composed of lignin. These cell wall components help give the 
plant strength and stability (Malinovsky et al., 2014). However, fungi contain enzymes such as 
xylanases that can weaken the cell wall allowing entry into the plant (Malinovsky et al., 2014). 
Within the secondary cell wall, lignin reinforces the plant by making it impermeable to 
pathogens and insects (Freeman and Beattie, 2008). Plants also have the capacity to produce 
secondary metabolites, such as anthocyanins, flavonoids, tannins, and lignin when under stress 
(Kim et al., 2008). Increased lignification is an important protection mechanism for the plant; 
however, it is an unfavorable quality for corn silage as it makes digestion more difficult for the 
ruminant animal.  
Second, plants have a microbe detection system. Plants contain a recognition system 
called plant triggered immunity (PTI) controlled by resistance genes (Sexton and Howlett, 
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2006). One such PTI response is triggered by a pathogen associated molecular pattern such as 
fungal chitin and bacterial flagellin (Malinovsky et al., 2014). Another PTI reaction is caused by 
the detection of fungal enzymes and is classified as a damage associated molecular pattern 
(Malinovsky et al., 2014). These detection systems allow the plant to prevent microbial 
colonization by various forms of chemical defense mechanisms (Malinovsky et al., 2014).  
Lastly, plants have developed a chemical defense mechanisms against invasion. An 
activated PTI response within a plant may cause one or more reactions including: activation of 
enzymes that strengthen the plant cell wall, a fluctuation in the plant calcium gradient signaling 
pathogen detection, activation of defense genes, localized cell death, release of pathogenesis-
related enzymes, a burst of reactive oxygen species that signal neighboring cells of infection, and 
the induction of antimicrobial substances (Knogge, 1996; Sexton and Howlett, 2006; Malinovsky 
et al., 2014).  
However, these complex plant defense mechanisms may not be enough to protect the 
plant from infestation. Foliar fungicides are commonly used to protect plants from fungal 
pathogens. Several different classes of fungicides exist; however, 2 of the most common classes 
includes strobilurins and triazoles. Strobilurin fungicides are natural chemical structures isolated 
from the genera Strobilurus found in wood-rotting mushrooms (Balba, 2007). Natural 
strobilurins break down quickly in UV light leading industry to develop of synthetic analogs for 
disease control (Balba, 2007). Within the strobilurn class of fungicides is the active ingredient 
pyraclostrobin, which is used in the commercial product Headline AMP (BASF Corp, North 
Carolina). Strobilurins bind to the quinol oxidation site of cytochrome b (Vincelli, 2002). This 
binding stops the electron transport between cytochrome b and cytochrome c, effectively halting 
the oxidation of nicotinamide adenine dinucleotide and synthesis of adenosine triphosphate 
(Vincelli, 2002). Ultimately, strobilurins stop energy production and kill the fungus. Application 
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of strobilurin on plants rapidly act on the spore stage of fungal development (Balba, 2007). Once 
on the waxy leaf surface, strobilurins move throughout the plant either translaminarly and/or 
systemically (Vincelli, 2002). Translaminar movement occurs when the fungicide affinity for the 
waxy cuticle that holds the fungicide to one side of the leaf blade is complete and allows some 
leak through to the other side of the cuticle, allowing for fungicide on both sides of the leaf. 
Systemic movement occurs when the fungicide moves as a gas in the boundary layer of air 
adjacent to the leaf (Vincelli, 2002). Most strobilurin fungicides are weak and only move locally 
across leaf blades, resulting in high effectiveness early in spore development, but once the 
fungus is in the tissue, it is relatively ineffective (Balba, 2007). Because the fungicide acts on a 
specific site, only one mutation is needed to create a fungicide resistant fungus, which is a 
concern for plant pathologists. 
A second major group of fungicide is known as the demethylation inhibitors (DMIh), 
which contain the triazole fungicides. Within the triazole class is the active ingredient 
metconazole, included in commercial products such as Headline AMP (BASF, Corp). 
Demethylation inhibitor fungicides are systemic (Lepeseheva and Waterman, 2007) and single-
site specific inhibitors (Lucas et al., 2015). Active agents act on the membrane biosynthesis 
process, targeting the protein sterol known as CYP51, which belongs to the cytochrome P450 
monooxygenase superfamily (Becher and Wirsel, 2012). In fungi, CYP51 act by removing the 
14-methyl group of sterol precursors (Becher and Wirsel, 2012) and forming ergosterols 
(Lepeseheva and Waterman, 2007). Ergosterols are a part of the plasma membrane regulating 
membrane fluidity and permeability in fungi (Lepeseheva and Waterman, 2007). Therefore, 
using DMIh fungicides block sterol biosynthesis impacting fungal growth and development. Just 
as with strobilurin fungicides, repeated use of DMIh can lead to resistant species. 
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Specifically regarding dairy cattle research, some level of success has been shown with 
treating corn plants with fungicides and feeding fungicide-treated WPCS to cows. Kalebich et al. 
(2017a) reported fewer yellow leaves and taller corn plants for fungicide-treated plants compared 
to no fungicide treatment. Likewise, fungicide treated plants also contained lower NDF and ADF 
concentrations in leaves compared to untreated plants (Kalebich et al., 2017a). Improved 
nutritive and fermentative profiles of those plants post-harvest as corn silage treated with 
fungicide compared to untreated plants was also reported (Kalebich et al., 2017b). Similarly, 
Haerr et al. (2015) fed cows WPCS from corn with either 0, 1, 2, or 3 applications of foliar 
fungicide during growth. A decreasing linear relationship was reported for the number of 
fungicide applications and DMI but constant milk production among treatments (Haerr et al., 
2015). Therefore, cows fed corn silage from corn treated with foliar fungicide tended to have 
better feed conversion (milk yield/DMI, 3.5% FCM, and ECM) (Haerr et al., 2015). The authors 
hypothesized that improved feed conversion occurred because corn silage from corn treated with 
foliar fungicide application may have had an increased nutritive quality compared to untreated 
corn silage.  
The modern dairy producer is faced with many options when selecting a variety of corn 
silage. Typically, varieties grown for feeding silage to dairy cattle fall within 1 of 3 overarching 
categories; including dual-purpose, leafy, and brown midrib (BMR) varieties (Young, 2016). 
Dual-purpose varieties, as the name indicates, were designed for grain and/or corn silage 
production and typically have a high grain production potential and moderate fiber digestibility 
(Young, 2016). Leafy WPCS hybrids were created with the goal of feeding dairy cows a high 
quality, highly digestible WPCS as these plants contain more leaves and different ear placement 
compared to dual-purpose varieties (Young, 2016). Floury (FLY) WPCS is considered a 
conventional variety often used for WPCS production for dairy cows (Sniffen, 2016). Floury 
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WPCS is very low in prolamin proteins (starch-encapsulating storage proteins); therefore, the 
starch is highly available in the rumen (Sniffen, 2016; Mahanna, 2009). Oftentimes, floury 
WPCS varieties are crossed with leafy WPCS varieties and used as a conventional hybrid due to 
their combined effectiveness with improved starch digestibility (Ferraretto et al., 2015a). 
Conventional WPCS varieties have often been compared to BMR WPCS varieties. Brown 
midrib WPCS varieties have shown improved lactation performance by dairy cows (Oba and 
Allen, 2000; Ferraretto et al., 2015b). This is likely due to decreased lignin content and increased 
NDF digestibility of BMR compared to other corn silage varieties (Oba and Allen, 2000). There 
are 5 naturally occurring mutants of BMR corn classified as bm1, bm2, bm3, bm4, and bm5 
(Sattler et al., 2010). The bm1 and bm3 mutants have been traditionally classified as the highest 
performing regarding dairy cattle production (Barrière and Argillier, 1993). These 2 mutants 
have shown improved fiber digestibility, starch digestibility, and fermentation profiles compared 
to non-BMR variety corn (Young et al., 2015). Brown midrib variety WPCS has consistently 
shown improvements in DMI when fed to dairy cows, primarily because of improved fiber 
digestibility (Block et al., 1981; Oba and Allen, 1999). Dominguez et al. (2002) reported cows 
fed BMR corn silage tended to produce more milk than cows fed a conventional corn silage 
hybrid. Therefore, a BMR WPCS variety may yield improvements in nutritive value when 
compared to a conventional WPCS variety, especially in combination with a foliar fungicide.  
Feed challenges 
As previously mentioned, WPCS is one of the primary feedstuffs in dairy cow diets and 
may be contaminated by mycotoxins such as deoxynivalenol (DON), zearalenone (ZEN), 
fumonisin (FUM), T-2 mycotoxin (T2), ochratoxin (OTA), and aflatoxin (AF), either when 
plants are growing in the field or when they are stored under inadequate conditions (Miller, 
2008; Richard et al., 2009). A compilation of mycotoxin analyses for corn silage, corn grain, and 
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other types of silages are in Tables 1.1 to 1.3, respectively. These results were gathered from the 
laboratories of Agri-King, Inc. (Fulton, IL), Rock River Laboratory, Inc. (Watertown, WI), and 
Dairyland Laboratories, Inc. (Arcardia, WI) for 2016 and 2017. From all 3 labs, a total of 55,641 
corn silage samples were analyzed resulting in 2.39, 1.78, 4.85, 0.10, and 0.31% of all samples 
contaminated with AF, ZEN, DON, FUM, and T2, respectively (Table 1.1). Of the positive 
samples (n = 5,249), 25.38, 18.82, 51.46, 1.01, and 3.33% were contaminated with AF, ZEN, 
DON, FUM, and T2, respectively (Table 1.1). Corn grain samples analyzed by Dairyland 
Laboratories, Inc. (Arcadia, WI) revealed that 100% of samples analyzed were contaminated by 
one or more mycotoxins including AF, ZEN, DON, and T2 (Table 1.2). A total of 1,687 corn 
grain samples were analyzed with 67.40% contaminated by AF, 84.59% contaminated by ZEN, 
62.66% contaminated by DON, and 42.80% contaminated by T2 (Table 1.2). Lastly, a total of 
36,062 samples of other types of silages (including wheat silage, n = 2; triticale silage, n = 1; 
small grain silages, n = 10; milo silage, n = 2; sorghum silage, n = 5, whole crop silage, n = 5; 
and haylage, n = 36,037) were analyzed by Agri-King, Inc. (Fulton, IL) and Rock River 
Laboratory, Inc. (Watertown, WI). Of these samples, 0.78, 0.08, 0.11, 0.01, and 0.00% were 
contaminated with AF, ZEN, DON, FUM, and T2, respectively (Table 1.3). Of the total number 
of positive samples (n = 358), 79.05, 8.10, 11.45, 1.40, and 0% were contaminated with AF, 
ZEN, DON, FUM, and T2, respectively (Table 1.3). Based on these results, it appears that the 
risk of mycotoxin contamination occurs primarily for corn grain, with fewer incidences for corn 
silage or other types of silages. Of the corn silage samples that were positive, DON appears to be 
the most prevalent, followed by AF, ZEN, T2, and FUM. For positive corn grain samples, ZEN 
is most prevalent followed by AF, DON, and T2; and for other silages that were positive for 
mycotoxins, AF is most prevalent, followed by DON, ZEN, FUM, and T2. It should be noted 
that these values may not accurately represent the fungal load for all WPCS, corn grain, and 
12 
 
other types of silages in the United States; rather, these results represent a snapshot of the toxin 
load of these particular samples (already thought to contain toxins hence being analyzed in a 
laboratory) from these 3 laboratories during the environmental conditions from 2016 and 2017. 
Mycotoxin effects on dairy cows 
Zearalenone and FUM mycotoxins, produced primarily as secondary metabolites of 
Fusarium graminearum and Fusarium verticillioides, respectively, have been shown to 
negatively alter liver and immune function in swine (Osweileer, 1993; Bennett and Klich, 2003). 
Zearalenone is structurally similar to estrogen and thus is able to mimic the hormone (Saeger et 
al., 2003). As such, it has been known to cause hyper-estrogenism, vaginitis, and mammary 
gland enlargement in swine (Diekman and Green, 1992; Marczuk et al., 2012). However, 
ruminant animals are less susceptible to its effects due to the ability of ruminal microbiota 
(particularly protozoa) to convert ZEA to its hydroxyl-metabolites including α- and β- zearalenol 
(Kennedy et al., 1998). Zearalenone is not particularly a threat to the human food chain due to 
the negligible extent of transfer into milk (Seeling et al., 2005).  However, the main concerns of 
ZEA toxicity in dairy cows are the potential negative effects on animal health and production, 
including reduced conception rates, decreased feed intake and milk production, and diarrhea 
(Coppock et al., 1990; Ogunade et al., 2018). Because ZEA is not particularly a threat to the 
human food chain, there are presently no FDA limits for ZEA levels in the U.S.; however, ZEA 
may not exceed 500 µg/kg in animal feeds in Europe (European Commission, 2006; Ogunade et 
al., 2018).  
Like ZEA, FUM is also produced by Fusarium fungal species. Typically, FUM are 
formed by the condensation of alanine into an acetate-derived precursor (Bennett and Klich, 
2003). Fumonisins are structurally similar to sphingosine (a component of sphingolipids found in 
nerve tissues) and as such, can interrupt sphingolipid biosynthesis causing 
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leucoencephalomalacia (moldy corn poisoning) in horses, pulmonary edema in swine, and 
hepatoxicity in rats (Michaelson et al., 2016; Ogunade et al., 2018). However, like many other 
major mycotoxins, FUM are 60-90% ruminally degradable and thus are less potent in ruminant 
animals (WHO, 2000). Even so, FUM represent a very high threat to livestock feed with up to 
64% FUM prevalence in North and South America, Europe, and Asia (Rodrigues and Naehrer, 
2012). Typically, transfer of FUM into milk is negligible and, therefore, the toxin does not pose a 
threat to the human food chain (Ogunade et al., 2018).  
Like FUM and ZEA, T-2 toxins are produced primarily by Fusarium species (Bennett 
and Klich, 2003). They are more prevalent in cereal grains such as oats and barley than in WPCS 
(Fels-Klerx, 2010). Consumption of T-2 toxins is associated with gastroenteritis, intestinal 
hemorrhage, immunosuppression, and reproductive problems in cattle (Hsu et la., 1972; Gentry 
et al., 1984; Black et al., 1992). The prevalence of T-2 toxin in animal feeds is relatively low at 
only approximately 1% (Ogunade et al., 2018) and is rapidly degradable in the rumen; therefore, 
it is also not considered a threat to human consumption. As such, the U.S. Food and Drug 
Administration has not established guidelines for safe levels of T-2 toxins in livestock diets 
and/or milk (Ogunade et al., 2018).  
Deoxynivalenol (also referred to as vomitoxin and produced primarily by Fusarium 
species) can cause vomiting, feed refusal, gastrointestinal upset, and immunosuppression 
(Bennett and Klich, 2003; Haschek et al., 2002). Like T-2 toxins, DON is known to inhibit 
protein synthesis and ultimately lead to cell death throughout the body (Yiannikouris and Jouany, 
2002). Deoxynivalenol exhibits a relatively frequent occurrence in livestock feed with up to 59% 
prevalence (Rodrigues and Naehrer, 2012). Ruminants are reasonably resistant to the effects of 
DON due to microbial ability to convert DON to a non-toxic compound, de-epoxy DON, in the 
rumen (Marczuk et al., 2012). Likewise, no effects on milk production were reported for cows 
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fed DON for either 5 d (66,000 µg/kg; Cote et al., 1986) or 6 wk (6,400 µg/kg; Trenholm et al., 
1985). The U.S. Food and Drug Administration and the European Commission have set limits of 
5 mg/kg of DM in dairy cattle diets (European Commission, 2006; FDA, 2011).  
Ochratoxins, produced primarily as a metabolite of Aspergillus ochraceus, have been 
shown to cause carcinogenic, nephrotoxic, teratogenic, and immunosuppressant effects in swine 
but cattle are relatively resistant to its effects (Scudamore and Livesey, 1998; Bennett and Klich, 
2003). Ochratoxin A is carcinogenic and immunotoxic and is considered the most toxic 
Aspergillus metabolite (Yiannikouris and Jouany, 2002). Ochratoxicosis primarily affects 
monograstric animals, such as rats, pigs, and chickens by decreasing the amount of natural killer 
cells that normally are responsible for destroying tumors, thus inducing renal and hepatic 
carcinomas (Yiannikouris and Jouany, 2002). Likewise, OTA decreases the activity of 
phosphoenol pyruvate carboxykinase (PEPCK), reduces renal gluconeogenesis, and inhibits B 
and T lymphocytes (Yiannikouris and Jouany, 2002). However, the incidence of OTA in WPCS 
is low relative to other major mycotoxins because the fungi that produce OTA cannot tolerate 
high concentrations of acetic acid and CO2 (Gallo et al., 2015; Ogunade et al., 2018). Likewise, 
OTA is rapidly degraded in the rumen to ochratoxin-α, a less toxic compound (Fink-Gremmels, 
2008). Thus, ruminants are considered to have a high tolerance for this toxin (Ogunade et al., 
2018).  
Drought conditions may increase risk for pre-harvest mycotoxin contamination in crops 
commonly fed to dairy cows (Cotty and Jaime-Garcia, 2007; Guo et al., 2008). Mycotoxin 
production is influenced by temperature and humidity, and is estimated to affect 25% of all 
agriculture commodity crops (FAO, 2004). Because of the wide range of conditions under which 
fungi may thrive and the presence of the contaminant in many samples examined, it is important 
to develop strategies to mitigate the negative effects of mycotoxins in feed for dairy cows. 
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Of primary interest for the present research are the effects of the AF. Aflatoxins are a 
class of mycotoxin produced as secondary metabolites by several species of fungi, including  
Aspergillus flavus and A. parasiticus. Aflatoxins are commonly found in dairy cattle feedstuffs 
and are typically produced when corn becomes damaged and molded (Xiong et al., 2015; 
Munkvold et al., 2012; Kutz et al., 2009). Fungi typically produce AF during drought conditions 
when nights are warm (>70°F) during later stages of grain filling (Munkvold et al., 2012). In 
high-risk years, particularly years with above average temperatures and below average rainfall, 
producers and nutritionists may opt to screen corn and corn silage for AF. Many different types 
of molds may grow on corn grain; some of which produce mycotoxins and others may not. 
Therefore, the presence or absence of mold alone is not the best indicator of AF contamination. 
Two types of on-farm screening tests may be used to determine AF load in corn including black 
light tests and commercial test kits (Munkvold et al., 2012). A blacklight may be used as a visual 
inspection of a green-gold fluorescence, which indicates the presence of an acid produced by 
actively growing A. flavus in the kernel (Munkvold et al., 2012). However, this test is only an 
initial screening for the presence of the fungus, not the toxin, and does not quantify actual AF 
concentrations. Utilizing commercial test kits with immunoassay or ELISA techniques are 
typically more reliable as they can detect AF via enzyme-linked antibodies (Munkvold et al., 
2012). These types of kits may identify either the presence or absence of AF in a given sample, 
or may quantify AF within a specific range (Munkvold et al., 2012). If AF is detected in corn via 
initial inspection with a blacklight or identified with an on-farm test kit, samples may be sent to 
analytical laboratories (USDA-Federal Grain Inspection Service or private laboratories) where 
AF may be identified using thin-layer chromatography, mini columns, gas chromatography, or 
mass spectrometry (Munkvold., et al., 2012). Ultimately, the key to reducing AF contamination 
in corn during growth and storage lies primarily with prevention. The best way to prevent mold 
16 
 
growth is by minimizing corn ear and kernel damage, and controlling temperature and humidity 
during storage (Munkvold et al., 2012).  
When consumed by dairy cows, an AF derivative (AFB1) is converted to aflatoxin M1 
(AFM1), which is commonly considered a toxic carcinogen (IARC, 2002). In general, symptoms 
caused by the ingestion of AF is termed aflatoxicosis (Bennett and Klich, 2003). In livestock 
animals, aflatoxicosis may result in depressed feed intake, lethargy, reproductive issues, immune 
suppression, cancer, and death (Bennett and Klich, 2003; Whitlow and Hagler, 2005). The liver 
is the target organ for AF where once metabolized, it is converted into a bioreactive epoxide by 
cytochrome P450 enzymes, and then binds to DNA, RNA, and proteins to negatively impact the 
animal (Eaton and Groopman, 1994; Bennett and Klich, 2003; Abrar et al., 2013). This toxicity 
occurs because the reactive AF-epoxide binds to the N7 position of guanines, which results in 
altered DNA adducts causing GC to TA transversions (Bennett and Klich, 2003). Aflatoxin M1 
can be detected in plasma and milk in as little as 5 min and 1 h after ingestion, respectively 
(Moschini et al., 2008; Battacone et al., 2012). Due to its rapid secretion into milk, AF can be 
considered a food safety risk (Kutz et al., 2009; Sulzberger et al., 2017). Transfer percentages 
from feed to milk vary among individual animals but values as high as 6.2% have been reported 
for high producing dairy cows (Veldman et al., 1992). In the United States, the FDA has set a 
maximum threshold limit of 0.0005 mg/kg AF in milk while the European Union adheres to a 
0.00005 mg/kg maximum limit (Campbell et al., 2003).  
Not only are there risks associated with even small amounts of AF consumed by humans, 
but there are immune-toxic effects on cows as well. Immunoglobulin A (IgA) is the primary 
immunoglobulin in external secretions (Korosteleva et al., 2007). The effects of mycotoxins on 
secretory IgA have been mixed (Mann et al., 1982; Green et al., 1994; Chowdhury et al., 2005 
a,b; Swamy et al., 2002). Calves treated with T-2 mycotoxin experienced a decline in total 
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serum IgA (Mann et al., 1982); whereas, mice experienced a dramatic increase in serum IgA 
levels when fed DON (Green et al., 1994). In hens, biliary IgA concentrations decreased but an 
increase was observed for turkeys when fed grains contaminated with Fusarium mycotoxins 
(Chowdhury et al., 2005 a,b). Finally, feeding pigs grains contaminated with Fusarium 
mycotoxins showed an increase in serum IgM and IgA concentrations (Swamy et al., 2002). 
Mycotoxins such as AF are known to inhibit protein synthesis and cell proliferation as 
mechanisms involved in immunotoxic effects (Sharma, 1993). Immune responses in animals 
depend upon macromolecular synthesis and cellular proliferation; therefore, inhibition of protein 
synthesis and cell multiplication by mycotoxins are detrimental (Sharma, 1993). In mice, AF-
induced immune responses are mediated by T-cells, both helper and suppressor (Hatori et al., 
1991). Likewise, bovine lymphocytes are also susceptible to AF, with suppression of antibody 
formation against T-dependent antigens (Reddy and Sharma, 1989). Alterations in blood 
metabolites when cows are exposed to AF are commonly reported, indicating some degree of 
immune response to the toxin (Marin et al., 2002; Fink-Gremmels and Malekinejad, 2007; 
Xiong et al., 2015; Sulzberger et al., 2017). Specifically, changes in superoxide dismutase 
(SOD) and alkaline phosphatase (ALP) have been linked with cows receiving an AF challenge 
(Sulzberger et al., 2017). Others have used additional blood constituents (e.g., gamma-glutamyl 
transferase) to monitor liver function with AF intoxication in dairy cows (Applebaum and 
Marth, 1983; Arthington et al., 2003) and dairy sheep (Battacone et al., 2005). The short time 
between AF ingestion and secretion, and the seriousness of its consequences warrant close 
attention.  
Mycotoxin sequestering agents  
The use of different types of sequestering agents in alleviating AF in cows and other 
livestock has been widely examined. The major benefit of AF sequestering agents is that they are 
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able to adsorb AF during digestion allowing the toxin to pass through the animal without causing 
harm (Davidson et al., 1987; Phillips et al., 1989; Kutz et al., 2009). Advantages of using 
adsorbents when pursuing decontamination of milk are that they are safe, inexpensive, and easy 
to feed (Kutz et al., 2009). Common types of adsorbents studied include activated carbons or 
charcoals, yeast cell cultures, and clay-based products such as bentonite and hydrated sodium 
calcium aluminosilicates (Diaz et al., 2004; Moschini et al., 2008; Kutz et al., 2009). The degree 
of efficacy of these sequestering agents differs due to the variable nature of the mechanisms 
behind which the adsorbents target AF in the body (Stroud, 2006). Ultimately, addition of these 
sequestering agents to the diet of cows consuming AF should decrease the bioavailability of free 
toxins to the cow and allow the AF to pass safely through the animal (Phillips et al., 1990).  
One type of sequestering agent commonly fed to cattle to combat mycotoxins is yeast cell 
wall (YCW) extracts. Yeast cell wall extracts are known to bind mycotoxins (Turbic et al., 2002; 
Lahtinen et al., 2004). They contain polysaccharides such as glucan and mannan, proteins, and 
lipids, and exhibit many easily accessible adsorption sites (Varga and Toth, 2005). Along with 
this, they contain mechanisms such as hydrogen bonding, ionic, or hydrophobic interaction in 
order to sequester toxins (Varga and Toth, 2005). As such, YCW has been shown to bind 2.7 mg 
ZEN per gram of YCW (Huwig et al., 2001). Likewise, a modified yeast glucan has been shown 
to effectively sequester T2 and ZEN (Freimund et al., 2003). A polymeric glucomannan 
adsorbent prepared from YCW has also been used successfully to overcome Fusarium 
mycotoxicoses in swine (Swamy et al., 2002). Similarly, S. cerevisiae (live yeast) has been used 
as general performance enhancer in poultry feeds and has been shown to have beneficial effects 
when chickens are exposed to AFB1 (Celyk et al., 2003; Devegowda et al., 1998; Stanley et al., 
1993). Likewise, a rat diet supplemented with YCW and AFB1 resulted in a reduction in toxicity 
(Baptista et al., 2004). In an in vitro study with YCW, there was a dose dependent binding of up 
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to 77% and modified mannan-oligosaccharides derived from the S. cerevisiae cell resulted in up 
to 95% binding (Devegowda et al., 1996). Esterified glucomannan was also shown to provide 
protection in broiler chickens exposed to OTA, T2 and AF (Raju & Devegowda, 2000) and 
reduced the toxic effects of Fusarium toxins in horses (Raymond et al., 2003). A later study also 
confirmed the protective effects of yeast glucomannan on aflatoxicosis in broilers (Karaman et 
al., 2005). However, contrary to Devegowda et al. (1996), in rats fed dried yeast and mannan-
oligosaccharides, AF effects were not reduced (Baptista et al., 2004).  
In the human food industry, a mixture of 40% yeast and 60% fermentation residue of beer 
has shown to be an efficient binder of OTA in an in vitro adsorption study (Shetty and Jespersen, 
2006). The binding was pH dependent (highest binding capacity at pH 3.0) indicating that 
physical binding to YCW may be responsible for OTA removal. Bejaouii et al. (2004) suggested 
that oenological strains of Saccharomyces yeasts can be used for the decontamination of OTA in 
grape juice. Heat-treated cells showed higher adsorption (90%) compared to viable cells (35%) 
indicating that the physical nature of binding and cell density may play an important role in 
adsorption efficiency. Adsorption was a rapid process with as much as 90% of the toxin bound 
within the first 5 min (Shetty and Jespersen, 2006). Yeast cell wall has also been shown to bind 
ZEN with b-D glucans as the main components involved in complex formation (Yiannikouris et 
al., 2004 a,b). However, earlier studies have shown that glucomannans also bind large quantities 
of OTA and AF (Raju and Devegowda, 2000). This indicates the possibilities of more than one 
target for mycotoxin binding on YCW.  
Toxin and clay effects on the rumen 
Feeding large quantities of starch to ruminant animals has been unequivocally shown to 
alter the rumen environment (Radostits et al., 1994; Nocek, 1997; Krause and Oetzel, 2006). A 
diet high in rapidly fermentable carbohydrates challenges the buffering capacity of the rumen 
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and can ultimately lead to rumen pH levels below a healthy threshold (Shaver et al., 2000). 
Regardless of this knowledge, feeding concentrates to dairy cows is a very common practice on 
modern dairy farms in order to meet the great energy demands of lactation (Eastridge, 2006). 
However, increasing the concentrate-to-forage ratio too much can subsequently drop rumen pH 
below a healthy threshold and leave the cow susceptible to subacute ruminal acidosis (SARA; 
Shaver et al., 2000). Similarly, drastic and/or prolonged alterations in rumen pH can change the 
microbial population which can ultimately alter digestibility (Krause and Oetzel, 2005). The use 
of feed additives such as buffers is a common practice in alleviating the negative impacts of 
decreased rumen pH (Cruywagen et al., 2015). One such feed additive, bentonite clay, has a 
great capacity for H+ exchange at different pH ranges and thus acts to alkalinize the rumen 
during incidences of SARA (Yong et al., 1990). Clay-based feed additives have been examined 
as tools for combating the negative impacts of both AF-contaminated feedstuffs as well as SARA 
on the rumen environment (Sulzberger et al., 2016; Sulzberger et al., 2017). 
Bentonite clays primarily consist of montmorillonite, which is a soft phyllosilicate group 
of minerals primarily used as an industrial adsorbent and catalyst (Krishna et al., 2000). 
Montmorillonite clays are composed of a 3-layer structural complex that allows internal 
absorption of ions into the interlayer sheets (Trckova et al., 2004). The interlayer sheets of 
montmorillonite easily exchange ions making it a substance which can preferentially bind 
aflatoxins and other free ions (Trckova et al., 2004; Phillips et al., 2002). Certain types of clays, 
including montmorillonites (bentonite clay), contain a unique swelling property that has caused 
them to be the focus of much research. Sodium montmorillonite is composed of negatively 
charged sheets held together by sodium cations (Brown and Brindley, 1980). When placed in 
humid situations, the interlayer sodium ions tend to hydrate causing the interlayer space to 
increase in a process known as crystalline swelling (Boek et al., 1995). Furthermore, when these 
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clays are placed in water, macroscopic swelling occurs, forming colloidal suspensions. 
(Newman, 1987; Brown and Brindley, 1980). Due to its detoxification properties, clays have 
been used by many species over the years as a medicinal substance (Wilson, 2003). The 
deliberate consumption of clay in order to detoxify or alleviate negative gastrointestinal issues is 
termed geophagy (Wilson, 2003). Geophagy has been observed in humans, monkeys, cattle, 
birds, and rats in order to combat gastrointestinal upset, diarrhea, arthritis, and stress (Trckova et 
al., 2004).  
As previously mentioned, bentonite clay has a high capacity for H+ exchange at different 
pH ranges and thus acts to alkalinize the rumen during incidences of SARA when fed as an 
additive (Yong et al., 1990). Sulzberger et al. (2016) reported greater milk yield, greater milk fat, 
and greater energy-corrected milk for cows given a clay additive during SARA challenge, and a 
greater buffering capacity for clay-fed cows. Similarly, Rindsig et al. (1969) observed an 
increased acetate and decreased propionate concentration in the rumen of clay-fed cows. Wallace 
and Newbold (1991) conducted an experiment examining the effects of bentonite clay on rumen 
ciliate protozoa using the rumen simulation technique. The primary function of ciliate protozoa 
in the rumen is not well understood; however, in general, the rumens of defaunated animals 
display increased microbial protein supply and decreased methane production (Newbold et al., 
2015). Wallace and Newbold (1991) observed a 69% reduction in ciliate protozoa in vessels 
containing bentonite. This reduction was due primarily to the ingestion of bentonite by the 
protozoa, which was toxic to the cell surface and ultimately caused interference with the cilia 
motion and prevented protozoa motility (Wallace and Newbold, 1991). These authors also 
observed an increase in culture pH for vessels containing bentonite. However, Wallace and 
Newbold (1991) acknowledged the limitation of rumen simulation technique compared to in vivo 
experimentation, and suggested further examination of the effects of bentonite clay on the rumen 
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environment is warranted. Clay clearly alters the microbial population in the rumen and could 
potentially affect the nutrient availability of feedstuffs to cows. 
In situ rumen degradability techniques 
 An in situ estimation of digestibility in the rumen is a valuable tool to estimate the 
nutritional value of feedstuffs (Van Milgen et al., 1991). This method gives an estimation of the 
rate of degradability within an actual cow and allows inferences to be made about the nutritive 
quality of the feedstuff. However, differences in techniques, materials, and lack of 
standardization between experiments can make interpretation of results difficult (Vanzant et al., 
1998). The ruminal disappearance of a feedstuff is modeled based on 3 different fractions A, B, 
and C along with their fractional rate of degradation (kd) and fractional rate of passage (kp; Van 
Milgen et al., 1991; NRC, 2001). Fraction A is the feed portion that is instantaneously 
solubilized at time 0, fraction B represents the potentially degradable feedstuff, and fraction C is 
considered the undegradable feed fraction left inside the bag at recovery (NRC, 2001). Only the 
degradable feedstuffs, fraction B, are affected by rates of passage as all of fraction A is 
considered to be completely degraded and all of fraction C represents the portion that passes to 
the small intestine (NRC, 2001). In addition to kd and kp inherent to different feeds, other factors 
that may affect ruminal degradability of a feed are microbial activity and ruminal pH (NRC, 
2001).  
In situ degradation rates do not always accurately represent in vivo degradability, 
primarily due to inconsistent research procedures (Nocek, 1985). Many different factors must be 
considered when performing in situ degradability research, including diet type, feeding level and 
frequency, bag material, bag pore size, and sample size to surface area ratios, sample processing, 
replication, incubation procedures, rinsing, microbial correction, mathematical model, and 
standard substrate material (Vanzant et al., 1998). By altering the bag size, sample size, or both 
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(sample size to bag surface area ratio), researchers have revealed alterations in degradability 
values (Vanzant et al., 1998). Haerr et al. (2016) evaluated the effect of bag size on degradability 
of WPCS. The bags compared were 20 × 40 cm and 10 × 20 cm while sample size to surface 
area ratio remained the same for both bag sizes at 20 mg DM/cm2 (Haerr et al., 2016). These 
researchers reported a greater disappearance of WPCS in the 20 × 40 cm bags compared to the 
10 × 20 cm bags (Haerr et al., 2016). This result was similar to results obtained by Varga and 
Hoover (1983) in which 2 bag sizes (13 × 21 and 9 × 17 cm) and 2 sample size to surface area 
ratios (9.2 and 14.6 mg/cm2) were compared in 22 different feedstuffs. These researchers 
reported greater dry matter digestibility for samples in the larger bags compared to the smaller 
bags at all incubation time points (Varga and Hoover, 1983). Though Haerr et al. (2016) were 
unsure why this result was obtained, they speculated that due to greater fiber degradability in the 
20 × 40 cm bag, microbial access to the feedstuffs could have differed.  
Bag pore size can also affect degradability of feedstuffs due to the compromise between 
maximizing influx of digestive compounds and efflux of digestion end products while 
minimizing the entrance of unwanted residues and the exit of small sample particles (Vanzant et 
al., 1998). Overall, larger pore size is related to greater extent of digestion; however, this comes 
at the expense of greater variability, as larger pore size enhances the possibility of potential 
particulate matter escape prior to degradation (Nocek, 1985; Vanzant et al., 1998). On the other 
hand, small pores are thought to hinder the ability of larger ruminal microorganisms such as 
protozoa to enter the bag (Vanzant et al., 1998). Most in situ research reports pore sizes between 
20 and 60 µm with the least amount of variation for pore sizes between 40 and 60 µm (Nocek, 
1988; Vanzant et al. 1998).       
Much debate has centered on whether feed particles in in situ bags should mimic what is 
fed to the cow or material post-mastication (Nocek, 1988). Lack of rumination for feedstuffs 
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incubated in situ may necessitate additional processing to sufficiently characterize particle 
characteristics in vivo (Vanzant et al., 1998). However, this variation is thought to be reduced 
when smaller grind sizes are used (Freer and Dove, 1984; Nocek and Kohn, 1988; Vanzant et al., 
1998). Freer and Dove (1984) evaluated the effect of grind size (fine, medium, or course) on 
lupin seed meal degradability in sheep. These authors reported that coarse lupin seed meal 
disappeared more slowly than fine or medium ground particles, and that finely ground particles 
degraded more completely than coarse particles (Freer and Dove, 1984). Likewise, the portion of 
rumen in which the bags are placed may also affect extent of degradation (Vanzant et al., 1998). 
In general, maintaining bags within the ventral portion of the rumen via weighted lines appears 
to be most advantageous (Lindberg, 1985; Vanzant et al., 1998). Estimated DM disappearance 
may increase by up to 10% by increasing the distance of bag placement from the cannula 
opening (Hawley, 1981). Based on their reviews, for maximized results from an in situ trial 
Vanzant et al. (1998) recommend feeding cows a diet that is 60-70% forage at maintenance 2 or 
more times a day, using polyester bags with a pore size of 40 to 60 µm and 10 mg/cm2 sample 
size to surface area ratio, grinding feed samples to pass through a 2-mm screen, and maintaining 
bags within the ventral portion of the rumen. These results are in agreement with Nocek et al. 
(1988), but with recommendations that are generally more specific.    
US dairy industry and Illinois 
The U.S. dairy industry has undergone several changes in order to improve milk 
production and efficiency. The total number of dairy cows and operations decreased 17% and 
74%, respectively, while milk production increased 59% during the last 30 years (Chase et al., 
2006). Improvements in genetic selection and cow nutrition have helped dairy farms maintain 
profitability by increasing average milk yield per cow and average herd size (Lucy, 2001; De 
Vliegher et al., 2012). Illinois’ average herd size and average milk yield per cow increased 40% 
25 
 
and 28%, respectively, from 1991 to 2006, while the total number of dairy operations decreased 
almost 57%, and the total number of licensed operations (grade A or B) decreased approximately 
18% from 2002 to 2006 (USDA, 2008). Currently, Illinois has a total of 613 Grade A and 53 
manufacturing grade dairy farms (Figure 1.1). 
The dairy industry faces a challenging situation in which consumers are looking for 
cheaper food with improved quality (Appleby et al., 2003). Although consumers claim that food 
safety is their priority (Vanhonacker et al., 2010; Ingenbleek and Immink 2011), they still choose 
price over quality when purchasing food (Harvey and Hubbard, 2013). However, milk is 
considered an important commodity (Von Keyserlingk et al., 2013), especially since mid–2000 
when the U.S. started exporting milk due to growing demands from China and the reduction of 
production subsidies in the EU (Nicholson and Stephenson, 2012). Therefore, dairy farmers need 
to find a suitable management strategy to allow them to reduce their cost of production while 
simultaneously increasing profits (Von Keyserlingk et al., 2013). Understanding the current 
practices on farm and the needs of dairy farmers in the state of Illinois will allow for future 
research on the best practices of dairy farms in the Midwest and throughout the country and will 
allow researchers to bridge the gap between the farm and the consumer. Consumer education on 
the truth about their food sources is of utmost importance.  
Summary 
 Fungi are a real threat faced by crop and dairy farmers all over the world. These fungi 
leave their traces on WPCS both in the field and post-harvest and can cause serious issues for the 
modern dairy producer. Researchers have developed a couple of specific ways to combat the 
negative consequences that fungi and toxins cause: fungicides and adsorbents. Each solution 
works in a different way to achieve the same goal of impeding fungus growth and harm to corn 
plants and to the animals that consume them. Fungicides work on the corn plant in the field to 
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halt fungus growth, while adsorbents such as clay and yeast work inside the rumen to mitigate 
the negative effects associated with the consumption of toxins on WPCS. However, none of 
these solutions are meaningful unless their uses are practical. This research aimed to delve into 
the consequences, positive or negative, of foliar fungicides on WPCS and of feeding adsorbents 
to cows challenged with AF. Finally, we aimed to understand the current food safety practices of 
Illinois dairy farms and fields. Understanding the current practices and the needs faced by the 
modern dairy farmer in the state of Illinois will allow us to relate and focus our research to the 
“real world” in an effort to bring forth worthy solutions to real issues. 
 
Research objectives 
The specific objectives of this research are to: 
1) Examine the effects of foliar fungicide application on two whole plant corn varieties 
(brown midrib and floury) sampled 1) as whole plants and disassembled to be chemically 
analyzed separately as leaves, stalks, cobs, and flag leaves during 2 different time points in 
the growing season (VT and R5), and 2) at harvest and ensiled for 0, 30, 90, or 150 d and 
analyzed for nutrient profile. 
2) Determine the effects of a yeast cell wall and bentonite clay-based adsorbent on excretion 
of AF, milk composition, health and blood metabolites of mid-lactation Holstein cows 
under an AF challenge. 
3) Determine the ruminal degradability of 6 different feedstuffs including alfalfa hay, grass 
hay, wet brewer’s grains, ground corn, corn silage, and soybean meal in response to 3 
concentrations of dietary clay in diets fed to lactating dairy cows fitted with a rumen 
cannula. 
4) Characterize Illinois dairy farm demographics, milk quality, facilities, feed, and field 
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management practices to evaluate strengths and areas of opportunity for future research 
most relevant to the state. 
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TABLES AND FIGURES 
 
Table 1.1. Total number of positive samples, percentage of all samples that were positive, and percentage of 
total positive samples affected by each mycotoxin for corn silage samples as analyzed by Agri-King, Inc. 
(Fulton, IL), Rock River Laboratory, Inc. (Watertown, WI), and Dairyland Laboratories, Inc. (Arcadia, WI). 
Mycotoxin Total positive samples per mycotoxin1 Positive samples, %
2 Total positive samples 
affected by each toxin, %3 
Aflatoxin 1,332 2.39 25.38 
Zearalenone 988 1.78 18.82 
Deoxynivalenol 2,701 4.85 51.46 
Fumonisin 53 0.10 1.01 
T-2 Toxin 175 0.31 3.33 
1Total number of samples that were positive for each mycotoxin upon analysis 
2Percentage of all samples analyzed that were positive for each toxin out of all corn silage samples analyzed (n 
= 55,641) 
3Each mycotoxin’s specific contribution to the total number of positive samples (n = 5,249) 
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Table 1.2. Total number of positive samples, percentage of all samples that were positive, and percentage of 
total positive samples affected by each mycotoxin for corn grain samples as analyzed by Dairyland 
Laboratories, Inc. (Arcadia, WI). 
Mycotoxin Total positive samples per mycotoxin1 Positive samples, %
2 Total positive samples 
affected by each toxin, %3 
Aflatoxin 1,137 100 67.40 
Zearalenone 1,057 100 62.66 
Deoxynivalenol 1,427 100 84.59 
T-2 Toxin 722 100 42.80 
1Total number of samples that were positive for each mycotoxin upon analysis 
2Percentage of all samples analyzed that were positive for at least one toxin out of all corn grain samples 
analyzed (n = 1,687) 
3Each mycotoxin’s specific contribution to the total number of positive samples (n = 1,687).
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Table 1.3. Total number of positive samples, percentage of all samples that were positive, and percentage of 
total positive samples affected by each mycotoxin for other types of silages1 as analyzed by Agri-King, Inc. 
(Fulton, IL) and Rock River Laboratory, Inc. (Watertown, WI). 
Mycotoxin Total positive samples per mycotoxin2 Positive samples, %
3 Total positive samples 
affected by each toxin, %4 
Aflatoxin 283 0.78 79.05 
Zearalenone 29 0.08 8.10 
Deoxynivalenol 41 0.11 11.45 
Fumonisin 5 0.01 1.40 
T-2 Toxin 0 0.00 0.00 
1Other types of silages included wheatlage (n = 2), triticale silage (n = 1), small grain silages (n = 10), millage 
(n = 2), sorghum silage (n = 5), whole crop silage (n = 5), and haylage (n = 36,037). 
2Total number of samples that were positive for each mycotoxin upon analysis 
3Percentage of all samples analyzed that were positive for each toxin out of all corn silage samples analyzed (n 
= 36,062) 
4Each mycotoxin’s specific contribution to the total number of positive samples (n = 358).
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Figure 1.1. Grade A and manufacturing farms in the state of Illinois by county and region in 
2017. (Illinois Department of Public Health, Division of Food, Drugs and Dairies)
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FOLIAR FUNGICIDE APPLICATION EFFECTS ON WHOLE PLANT BMR AND 
FLOURY CORN VARIETIES AND WHOLE PLANT CORN SILAGE COMPOSITION 
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INTRODUCTION 
Whole plant corn silage (WPCS) is an important and popular feedstuff for ruminant 
animals. In the United States in 2014, approximately 89% of dairy farms incorporated WPCS in 
the diet of lactating cows (USDA, 2014). Similarly, on a global scale, WPCS has been reported 
to compose at least part of the diet of lactating cows in 26 countries, primarily in Europe, North 
America, and South America (FAO, IDF, and IFCN, 2014).  However, a major threat to the 
health and performance of WPCS exists: fungi. Fungi can affect corn plants both in the field and 
post-harvest. Many types of fungi degrade plant cells releasing toxins that kill plant tissues that 
the fungi can then use for their own growth (Sexton and Howlett, 2006). Corn plants have 
adopted defense mechanisms to protect from fungal contamination such as increasing 
lignification of their secondary cell wall, which creates a stronger barrier for fungal digestion 
(Santiago et al., 2013). However, plant defense mechanisms may not be enough to prevent 
infection. United States researchers in 2013 reported a 7.5% loss of all whole plant corn silage 
from 21 states due to disease, translating to approximately 27 million metric tons of lost corn 
(Mueller and Wise, 2014).  
Foliar fungicide (FUN) is a common tool used to control fungal pathogens worldwide as 
their application may improve corn yields. Fungicide application to corn affected by fungal 
disease has been shown to decrease disease severity compared to untreated corn (Bradley and 
Ames, 2010). Similarly, corn treated with a pyraclostrobin fungicide showed a mean yield 
increase of 256 kg/ha in a meta-analysis (Paul et al., 2011). Not only does fungicide application 
affect the yield of corn, but the nutritive content and health of corn is affected as well. Kalebich 
et al. (2017a) reported fewer yellow leaves and taller corn plants for fungicide-treated corn plants 
compared to no fungicide treatment. Likewise, fungicide-treated corn plants also contained lower 
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NDF and ADF concentrations in corn leaves compared to untreated corn plants (Kalebich et al., 
2017a). Improved nutritive and fermentative profiles of those corn plants post-harvest as WPCS 
treated with fungicide compared to untreated corn plants were also reported (Kalebich et al., 
2017b).  
Floury (FLY) corn for WPCS is a variety often used for WPCS production for dairy 
cows (Taylor and Allen, 2005). Floury WPCS is very low in prolamin proteins (starch-
encapsulating storage proteins); therefore, the starch can be highly available in the rumen 
(Mahanna, 2009). Floury corn varieties are often crossed with leafy corn varieties and used as a 
conventional hybrid due to their combined effectiveness with improved starch digestibility when 
fed to cows as WPCS (Ferraretto et al., 2015a). Conventional corn varieties for WPCS have 
often been compared to brown midrib (BMR) corn varieties. Brown midrib corn varieties have 
shown improved lactation performance by dairy cows (Oba and Allen, 2000; Ferraretto et al., 
2015b). This is likely due to decreased ADL content and increased NDF digestibility of BMR 
corn compared to other corn for WPCS varieties (Oba and Allen, 2000). There are 5 naturally 
occurring mutants of BMR corn classified as bm1, bm2, bm3, bm4, and bm5 (Sattler et al., 2010). 
Similarly, 4 sorghum BMR loci (bmr2, bmr6, bmr12, and bmr19) and 3 pearl millet BMR 
mutants have been established (uncharacterized; Sattler et al., 2010). The bm1 and bm3 corn 
mutants have traditionally been classified as the highest performing regarding dairy cattle 
production (Barrière and Argillier, 1993). These 2 mutants have shown improved fiber 
digestibility, starch digestibility, and fermentation profiles compared to non-BMR variety corn 
(Young et al., 2015). Likewise, Dominguez et al. (2002) reported that cows fed BMR WPCS 
tended to yield, on average, 1.1 kg/d more milk than cows fed a conventional whole plant corn 
silage hybrid. Similarly, Der Bedrosian et al. (2012) reported improvements in fiber, starch, and 
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NDF digestibility of BMR (bm3; F2F723; Mycogen Seeds, Indianapolis, IN) WPCS compared to 
a “normal” corn hybrid (33A88, Pioneer Hi-Bred International Inc., Des Moines, IA). 
Specifically, these authors reported BMR WPCS was lower in concentrations of ADL, NDF and 
ADF, but higher in starch and NDF digestibility at 30 h compared to a conventional WPCS 
hybrid (Der Bedrosian et al., 2012). Therefore, a BMR WPCS may yield improvements in 
nutritive value when compared to a conventional WPCS.  
Little research exists on the effects of fungicides on different corn varieties both from the 
whole plant and after ensiling. Therefore, the objectives of this study were to examine the effects 
of foliar fungicide application on two corn varieties (bm1 and FLY): 1) sampled as corn plants 
disassembled and chemically analyzed separately as leaves, stalks, cobs, and flag leaves during 2 
different time points in the growing season (VT and R5), and 2) sampled at harvest and ensiled 
for 0, 30, 90, or 150 d and analyzed for nutrient and fermentation profile (WPCS). 
 
MATERIALS AND METHODS 
Field preparation, planting, and fungicide application 
Brown midrib (P0238xr bm1, Pioneer, Johnston, IA) and floury (MCT4881, Masters Choice, 
Anna, IL) corn varieties for WPCS with comparative relative maturities of 102 and 98 d, 
respectively, were planted on May 20, 2016 at the University of Illinois at Urbana-Champaign 
(40°04’58.8”N. 88°13’08.4”W). The corn was planted in a 6.76 ha split-plot design, and 3.38 ha 
of each variety were planted at a density of 79,000 seeds/ha. Seeds were planted 16 rows at a 
time using a John Deere 7230 tractor and a John Deere 7200 vacuum planter (John Deere and 
Company, Moline, IL). Prior to planting, experimental plots were fertilized with swine and dairy 
manure, tilled with a chisel plow and field cultivator, and sprayed with herbicide for weed 
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control. On July 12, 2016, at approximately 1,125 growing degree units (GDU), or vegetative 
tassel (VT) stage, four subplots of BMR and four plots of FLY were treated with foliar fungicide 
(pyraclostrobin, C19H18ClN3O4 + metconazole, C17H22ClN3O; Headline AMP, BASF, Florham 
Park, NJ) using a Hagie STS 12 ground applicator (Hagie Manufacturing Company, Roanoke, 
IL) with the capability to spray 32 rows per pass at an application rate of 495 mL/ha. The 
applicator was driven through all fields to replicate potential plant damage. 
Experimental design 
The experimental plots were set up as a completely randomized block split-plot design in 
order to view the effects of two explanatory variables, variety of corn for whole plant corn silage 
and treatment of foliar fungicide at VT. Eight 0.85-ha plots were planted with 24.38-m spacing 
between each plot. Each plot was divided into two 0.42-ha plots with a 3.05-m spacing between 
each subplots. For statistical analysis, blocks consisted of plots, and each block contained 1 
replicate subplot of each treatment (variety with either FUN treatment or no FUN treatment; 
CON): FLY/CON, FLY/FUN, BMR/CON and BMR/FUN. Plot set-up for statistical analysis is 
in Fig. 2.1.  
 Disease evaluation 
Three separate foliar disease evaluations occurred throughout the growth of the corn at 
V5 (June 16, 2016), VT (July 14, 2016), and R5 (August 17, 2016). At VT and R5, disease 
evaluations included leaf injury ratings for the highest ear leaf on the stalk, one leaf above the 
highest ear leaf, and one leaf below the highest ear leaf. Ten randomly selected corn plants 
throughout each of the 16 plots were observed for whole plant grey leaf spot disease (WPGLS), 
ear leaf injury (ELI), 1 above ELI, and 1 below ELI. At V5, only whole plant disease 
proportions of leaf area was assessed due to low disease prevalence and a lack of ear leaf at this 
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stage of corn plant development. Ear leaves were used for evaluation because most of the energy 
from these leaves is used for grain production and grain filling in the cob (Reis et al., 2007). 
Disease severity, as a proportion of damage in millimeters per meter of leaf area was determined 
using the Purdue Extension Corn and Soybean Field Guide (Gerber et al., 2012). All evaluations 
were conducted by the same assessor in order to minimize possible error.  
Corn plant sampling  
 On July 11, 2016, one day prior to fungicide application at 1,100 GDU (VT), and on August 
16, 2016, one day prior to corn harvest for WPCS at 2,140 GDU (R5), plant samples were 
collected from all plots. Each subplot was divided into 2 sampling areas to obtain a 
representative sample from each subplot.  Sample areas were located on opposite corners of each 
subplot, roughly 6 to 12 rows and 30 to 35 corn plants inset from the nearest buffer area. Six 
random corn plants and 3 random corn plant roots were collected from each sample area, and in 
total 12 corn plants and 6 corn plant roots were sampled per plot. Corn plants were cut 25 cm 
from the ground during collection to replicate harvesting chop height. 
Corn plant processing and analysis 
Total corn plant height (centimeters) from base to the end of tassel and weight (grams) 
were measured for each corn plant. Total leaves, green leaves, yellow leaves, and total cobs were 
counted for each corn plant. Corn plants were then disassembled into individual corn plant parts, 
which included flag leaf (FL), cobs, leaves (excluding flag leaf), and stalks. Within this study, a 
corn cob refers to the ear and attached, intact kernels. Each corn plant part was individually 
weighed (grams) and composited among like parts from each subplot sample area.  Corn plant 
parts were then placed in 3 mm polyethylene-nylon, embossed FoodSaver vacuum seal storage 
bags (FoodSaver, Boca Raton, FL) and vacuum sealed using a FoodSaver V845 Vacuum 
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Packaging System (FoodSaver, Boca Raton, FL.) Samples were then placed in a -20⁰C freezer 
and stored for further nutrient analysis. 
 Corn plant parts from each sample area at each time point were composited again once all 
samples had been collected and remained in the freezer for at least 1 week. Whole corn plant part 
samples were dried in a forced-air oven at 55°C for 72 h for initial determination of DM (AOAC, 
1995a) and then ground through a 1-mm screen in a Thomas Model 4 Wiley Mill (Thomas 
Scientific, Swedesboro, NJ). Once ground, samples were dried in a forced air oven at 110°C for 
24 h for chemical analysis. Analysis included dry matter (DM), ash, crude protein (CP), acid 
detergent fiber (ADF), neutral detergent fiber (NDF), acid detergent lignin (ADL), water soluble 
carbohydrates (WSC), fat, starch, and mineral analysis (P, K, Ca, Mg, S, Zn, Mn, Fe, and Cu). 
Samples were sent to the USDA Dairy Forage Research Center and University of Wisconsin Soil 
and Forage Laboratory (Marshfield, WI) for nutrient analysis. Sample ash was determined from 
dried 1.0-g subsamples by combustion at 500°C for 6 h in a muffle furnace (Thermolyne 
F30420C, Thermo Scientific, Asheville, NC). Concentrations of NDF, ADF, and ADL were 
determined sequentially using the batch procedures outlined by ANKOM Technology Corp. 
(Macedon, NY) for an ANKOM 200 Fiber Analyzer. The neutral detergent extraction procedure 
was performed using a heat-stable α-amylase for removal of starch. A rapid combustion 
procedure (AOAC International, 1998; Method 990.03; Elementar Americas Inc., Mt. Laurel, 
NJ) was used to quantify whole-plant N; CP was then calculated as N × 6.25. Water-soluble 
carbohydrates were determined by suspending 0.25-g samples of each dried, ground forage in 
150 mL of deionized water for 2 h; slurries were then filtered through Whatman #1 filter paper 
(GE Healthcare UK Limited, Little Chalfont, Buckinghamshire, UK). Concentrations of WSC 
were determined by a colorimetric method, based on the phenol-sulfuric acid reaction for 
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aliquots of the filtered extract (Dubois et al., 1956). Starch was determined using an enzymatic-
colorimetric method (Hall, 2015). All mineral analysis was done using a wet-ashing method by 
digesting 0.5 g sample with 5 mL nitric acid at 120ºC for 1 h, allowed to cool, diluted to 50mL, 
then analyzed using inductively coupled plasma optical emission spectroscopy. 
Additionally, 3 corn plants from each plot were collected at R5 and kernels from these cobs 
(n = approximately 6 to 10) were removed from the cob, composited, and analyzed for kernel 
vitreousness and kernel starch digestibility. Kernel vitreousness was assessed following the 
methodology of Vivek et al. (2008). Briefly, full-sized kernels taken from the center of well-
filled cobs were sorted on a back-lit table and scored from 1 to 5 where: 1= completely modified 
(i.e., translucent); 2 = ¾ modified; 3 = ½ modified; 4 = ¼ modified; and 5 = completely opaque. 
The kernel vitreousness score for a plot was the mean score for each 15-kernel sample. Kernel 
starch digestibility was assessed following methods by Richards et al. (1995) with a modification 
from Hall (2015) for the residual starch analysis using an enzymatic-colorimetric method.  
Corn harvest for whole plant corn silage  
All fields were harvested on August 17, 2016 using a Dion F61 4-row chopper with a 4-
row head (Dion-Ag Inc., Boisbriand, Quebec, Canada), which was pulled by a John Deere 8335 
tractor (Deere and Company, Moline, IL). Theoretical length of chop was roughly 2 cm and a 
cutting height of 25.4 cm. Chopped corn was processed through a conventional kernel processor 
that was set at an approximate clearance spacing of 1.5 mm. Harvested corn was loaded into 
H&P forage wagons (H and S Manufacturing Co., Inc., Marshfield, WI) and were weighed on a 
truck scale (Mettler Toledo, Columbus, OH) before being stored at the University of Illinois 
dairy using horizontal Ag Bags (Ag Bag Systems, St. Nazianz, WI) with diameter of 2.74-m and 
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length of 45.72-m. Silo King inoculant (Agri-King, Fulton, IL) was also applied to the silage 
during the bagging process at a rate of 0.227 g/kg.  
Whole plant corn silage sampling, storage, and analysis 
 During harvest, approximately 1 to 1.5 kg of freshly chopped material was sampled every 60 
seconds (approximately 10 to 15 kg total) as silage was offloaded from transport wagons into Ag 
Bags in order to receive a representative sampling dispersion throughout the entire plot. Once all 
freshly cut silage samples were collected for a whole plot, samples were composited. From the 
composited sample, 2 kg of sample was taken for DM analysis and hydrodynamic kernel 
processing tests (Savoie et al., 2004). Samples were analyzed for dry matter (AOAC, 1995a) by 
drying in a forced-air oven at 55°C for 72 h. Once ground, samples were dried in a forced air 
oven at 110°C for 24 h for chemical analysis.  Hydrodynamic kernel processing scores were 
assigned by determining differences in buoyancy between stover and kernels. Approximately 
400 g of DM was placed in a 10-L rectangular tub containing 7 L of water. Tubs were gently 
agitated manually for 2 min until the entire sample was submerged. After 2 min, the stover 
fraction floated (due to its lower density than water) and was then removed (Savoie et al., 2004). 
Afterward, the water was poured out of the tub, while the kernel fraction remained because it had 
a density greater than water (Savoie et al., 2004). Kernel fractions remaining were dried for 24 h 
in a forced-air oven at 110℃ and were weighed to determine proportion of adequately processed 
kernels.  
  Mini-silos were made using 600 g of corn material that was placed inside embossed Food 
Saver vacuum seal bags. Bags were then placed inside a Minipack MVS-20 single chamber 
vacuum sealer (Doug Care Equipment, Inc., Springville, CA) and were under vacuum for 60 sec 
and then sealed for 1.3 sec. Three replicate bags were made for 4 separate time points, 0, 30, 90, 
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and 150 d, for every sub-plot, totaling 48 bags per time point and 192 total mini silos. For time 
point 0, mini silos were placed immediately into a -20ºC freezer. All other mini silos were stored 
at room temperature and then placed into a -20ºC freezer at 30, 90, and 150 d post-harvest, 
respectively.  
Whole plant corn silage from each time point was composited once all samples had been 
collected and remained in the freezer for at least 1 wk. Samples were then sent to the University 
of Wisconsin Soil and Forage Lab (Marshfield, WI) for analysis, which included DM, ash, ADF, 
NDF, ADL, WSC, fat, starch, in vitro NDF digestibility at 30 h (NDFD30), undigested NDF 
(uNDF), and in vitro starch digestibility at 7 h. Analysis of DM, ash, ADF, NDF, ADL, WSC, 
fat, starch, and starch digestibility were performed the same as previously mentioned for corn 
plant parts. A 30-h in vitro digestion of NDF was conducted in buffered rumen fluid (NDFD30) 
using procedures described in detail by Kruse et al. (2010) and Coblentz et al. (2017). 
Undigested NDF was analyzed similarly to NDFD30 but allowed to incubate for 240 h rather 
than 30 h. Kernel processing scores were assigned following the methodology of Ferreira and 
Mertens (2005) in which the proportion of starch that passed through a 4.75-mm screen was 
calculated relative to total starch content. 
Statistical analyses   
Corn plant performance, corn disease evaluations, and corn plant part wet chemistry were 
analyzed as a split-plot design in time using the MIXED procedure of SAS using the following 
model: y$%&' = 	µ + B- +	V/ + T& +	(VT)%& + S' + (VS)%' +	(TS)45 + (VTS)/45 + e-/45  
 Where y$%&' = the observations of dependent variables,	µ = the overall mean,	B- = the 
random effect of the ℎ8- block , V% = the fixed effect of the 98- corn variety (BMR or FLY), T& = 
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the fixed effect of the :8-	foliar fungicide treatment, (VT)%& = the interaction between the 98-	corn 
variety and the :8-  fungicide treatment, S5 = the fixed effect of stage in which the sample was 
taken (VT or R5), (VS)%' = the interaction between the 98-	variety of corn and the ;8-	stage, (TS)45 = the interaction between the :8-	 fungicide treatment and the ;8-	stage, (VTS)%&' = the 
three way interaction between the 98-	corn variety, the :8-	fungicide treatment, and the ;8-	stage, 
and e/45<  = the random residual error. The method for degrees of freedom was Kenward-Rodgers 
(Littell et al., 1998).   
The WPCS yield, kernel processing, kernel starch digestibility, and kernel vitreousness 
scores data were analyzed as a randomized complete block design using the MIXED procedure 
of SAS (version 9.4; SAS Institute Inc., Cary, NC) using the following model: y%&' = 	µ +	=% + V4 + T5 + (VT)&' + e/45  
Where y%&' = the observations of dependent variables,	µ = the overall mean,	B/ = the 
random effect of the 98- block, V& is the fixed effect of the :8-  corn variety, T' = the fixed effect 
of the ;8- foliar fungicide treatment, (VT)&' = the interaction between the :8-corn variety and the ;8- fungicide treatment, and e/45  = the random residual error. The method for degrees of 
freedom was Kenward-Rodgers (Littell et al., 1998).   
Whole plant whole plant corn silage wet chemistry was analyzed as a split-plot design in 
time using the MIXED procedure of SAS using the following model: y$%&'> = 	µ + B- +	V/ + T& +	(VT)%& + D' + (VD)%' +	(TD)45 + (VTD)/45 + @< + e-/45< 
 Where y$%&'> = the observations of dependent variables,	µ = the overall mean,	B- = the 
random effect of the ℎ8- block , V% = the fixed effect of the 98- corn variety (BMR or FLY), T& = 
the fixed effect of the :8-	foliar fungicide treatment, (VT)%& = the interaction between the 98-	corn 
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variety and the :8-  fungicide treatment, D5  = the fixed effect of ensiling length (day; 0, 30, 90, 
150 d), (VD)%' = the interaction between the 98-	variety of corn and the ;8-	day, (TS)45 = the 
interaction between the :8-	 fungicide treatment and the ;8-	day, (VTD)%&' = the three way 
interaction between the 98-	corn variety, the :8-	fungicide treatment, and the ;8-	day, @< = fixed 
effect of repeated measurement, and e/45<  = the random residual error. The method for degrees of 
freedom was Kenward-Rodgers (Littell et al., 1998).   
Results are reported as least squares means (LSM) with corresponding standard error of 
the mean (SEM) for fixed effects of foliar fungicide treatment, variety, and stage (corn plant 
parts) or day (WPCS). Treatment LSM were separated using the least significant difference. 
Residual distribution was evaluated for normality and homoscedasticity. Statistical significance 
was declared at P ≤ 0.05 and trends at 0.05 < P ≤ 0.10. 
 
RESULTS 
Pre-harvest corn plant physical characteristics and disease 
Pre-harvest physical measurements from VT and R5 sampling points are in Table 2.1. Corn 
plants at R5 weighed more (880 ± 18 g) than corn plants at VT (529 ± 18 g; P < 0.0001). Floury 
corn plants weighed more (732 ± 18 g) than BMR corn plants (677 ± 18 g; P = 0.03). Corn plants 
treated with FUN weighed more (737 ± 18 g) than CON corn plants (672 ± 18g; P = 0.01). Corn 
plants were longer at R5 than at VT at 289.8 and 246.0 ± 1.7 cm, respectively (P < 0.0001). 
Floury corn plants were longer than BMR corn plants at 296.2 and 239.5 ± 1.7 cm, respectively 
(P < 0.0001). Corn plants treated with FUN were longer than CON corn plants at 270.3 and 
265.4 cm, respectively (P = 0.05). A variety × stage interaction occurred for corn plant height 
with 208.1, 283.8, 271.0, and 308.5 ± 2.4 cm for BMR/VT, FLY/VT, BMR/R5, and BMR/R5, 
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and FLY/R5, respectively (P < 0.0001; Fig. 2.2a). Corn plants at VT had greater numbers of 
green leaves than corn plants at R5 with 11.74 and 11.42 ± 0.09 leaves, respectively (P = 0.02). 
Brown midrib corn plants had greater numbers of green leaves than FLY with 11.81 and 11.34 ± 
0.09 leaves, respectively (P = 0.001). A treatment × stage tendency was observed for number of 
green leaves with 11.76, 11.72, 11.22, and 11.62 ± 0.13 leaves for CON/VT, FUN/VT, CON/R5, 
and FUN/R5, respectively (P = 0.10; Figure 2e). Corn plants at R5 had greater numbers of 
yellow leaves than corn plants at VT with 0.36 and 0.00 ± 0.02 leaves, respectively (P < 0.0001). 
Brown midrib corn plants had greater numbers of yellow leaves than FLY corn plants with 0.23 
and 0.13 ± 0.02, respectively (P = 0.002). Corn plants in CON had greater numbers of yellow 
leaves than FUN corn plants with 0.28 and 0.08 ± 0.02, respectively (P < 0.0001). A variety × 
stage interaction occurred for number of yellow leaves with 0.00, 0.00, 0.46, and 0.27 ± 0.03 
leaves for BMR/VT, FLY/VT, BMR/R5, and FLY/R5, respectively (P = 0.002; Fig. 2.2b).  A 
treatment × stage interaction occurred for number of yellow leaves with 0.00, 0.00, 0.56, and 
0.16 ± 0.04 leaves for CON/VT, FUN/VT, CON/R5, and FUN/R5, respectively (P < 0.0001; Fig. 
2.2c). Brown midrib corn plants had greater numbers of cobs than FLY with 1.60 and 1.21 ± 
0.08 cobs, respectively (P = 0.0003). Corn plants at R5 had greater first cob weight than at VT 
with 278.2 and 5.9 ± 1.4 g, respectively (P < 0.0001). Floury corn plants had greater first cob 
weight than BMR with 144.6 and 139.5 ± 1.4 g, respectively (P = 0.01). Fungicide treated corn 
plants had greater first cob weight than CON with 148.8 and 135.3 ± 1.4 g, respectively (P < 
0.0001).  A treatment × stage interaction occurred for first cob weight with 6.1, 5.7, 264.5, and 
291.9 ± 2.1 g for CON/VT, FUN/VT, CON/R5, and FUN/R5, respectively (P < 0.0001; Fig. 
2.2d). A variety × stage tendency occurred for first cob weight with 5.1, 6.7, 273.9, and 282.5 ± 
2.2 g for BMR/VT, FLY/VT, BMR/R5, and FLY/R5, respectively (P = 0.06). Floury corn plants 
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had greater second cob weight than BMR corn plants with cobs weighing 13.7 and 4.2 ± 3.0 g, 
respectively (P = 0.02). Corn plants at R5 had greater FL weight than at VT with 3.44 and 2.74 ± 
0.21 g, respectively (P = 0.002). Floury corn plants had greater FL weight than BMR with 3.32 
and 2.87 ± 0.21 g, respectively (P = 0.03). Corn plants at R5 had greater leaves weight than at 
VT at 159.0 and 120.0 ± 7.8 g, respectively (P < 0.0001). Floury corn plants had greater leaves 
weight than BMR at 358.8 and 323.7 ± 9.4 g, respectively (P = 0.01). Fungicide treated corn 
plants had greater leaves weight than CON at 354.8 and 327.7 ± 9.4 g, respectively (P = 0.04). 
Roots at VT weighed more than roots at R5 with 92.3 and 68.6 ± 6.3 g, respectively (P = 0.01).  
Pre-harvest disease evaluation results for BMR and FLY corn plants at V5, VT, and R5 are in 
Table 2.2. Corn plants in CON exhibited greater incidence of WPGLS disease than FUN corn 
plants with 6.52 and 1.75 ± 0.16 mm/m of leaf area, respectively (P < 0.0001). A treatment × 
stage interaction occurred for WPGLS disease incidence with 19.50, 0.00, 0.06, 5.13, 0.00, and 
0.11 ± 0.18 mm/m of leaf area for CON/R5, CON/V5, CON/VT, FUN/R5, FUN/V5, and 
FUN/VT, respectively (P < 0.0001; Fig. 2.3a). Corn plants exhibited greater incidence of 
WPGLS at R5 than at VT and V5 with 12.31, 0.09, and 0.00 ± 0.17 mm/m of leaf area, 
respectively (P < 0.0001). Floury corn plants exhibited greater incidence of ELI than BMR with 
1.90 and 1.55 ± 0.13 mm/m of leaf area, respectively (P = 0.0002). Corn plants in CON 
exhibited greater incidence of ELI than FUN with 2.74 and 0.72 ± 0.13 mm/m of leaf area, 
respectively (P < 0.0001). Corn plants in CON exhibited greater incidence of ELI at 1 leaf below 
the highest ear leaf compared to FUN with 3.97 and 1.22 ± 0.17, respectively (P = 0.02). A 
treatment × stage interaction occurred for ELI at 1 leaf below the highest ear leaf with 11.88, 
0.04, 0.00, 3.63, 0.04, and 0.00 ± 0.30 mm/m of leaf area for CON/R5, CON/V5, CON/VT, 
FUN/R5, FUN/V5, and FUN/VT, respectively (P = 0.02; Fig. 2.3b). Corn plants in R5 exhibited 
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greater incidence of ELI at one leaf below the highest ear leaf compared to V5 and VT with 7.75, 
0.04, and 0.00 ± 0.21, respectively (P < 0.0001). Floury corn plants exhibited greater incidence 
of ELI at 1 above the highest cob leaf compared to FUN with 1.53 and 1.27 ± 0.11, respectively 
(P = 0.003). Corn plants in CON exhibited greater incidence of ELI at 1 above the highest ear 
leaf compared with FUN with 2.29 and 0.52 ± 0.11, respectively (P < 0.0001).   
Corn plant part chemical analysis 
Corn leaves  
Results of corn leaf chemical analysis at both VT and R5 are in Table 2.3. Corn leaves at VT 
had greater DM content than corn leaves at R5 with 263 and 221 ± 15 g/kg, respectively (P = 
0.001).  Corn leaves at R5 had greater ash content than corn leaves at VT with 131.1 and 94.3 ± 
2.8 g/kg of DM, respectively (P < 0.0001). A variety × stage interaction occurred for corn leaf 
ash with 93.2, 138.1, 95.4, and 124.0 ± 4.2 g/kg of DM for BMR/VT, BMR/R5, FLY/VT, and 
FLY/R5, respectively (P = 0.05; Fig. 2.4a). Corn leaves at VT had greater CP content than corn 
leaves at R5 with 207.5 and 165.1 ± 2.3 g/kg of DM, respectively (P < 0.0001). Floury corn 
plants tended to have greater leaf CP content than BMR corn plants with 189.8 and 182.8 ± 2.3 
g/kg of DM, respectively (P = 0.08). Corn leaves at VT had greater NDF content than corn 
leaves at R5 with 686 and 633 ± 12 g/kg of DM, respectively (P < 0.0001). Brown mid-rib corn 
plants had greater leaf NDF content than FLY corn plants with 669 and 651 ± 12 g/kg of DM, 
respectively (P = 0.03). Corn leaves at R5 tended to have greater ADF content than corn leaves 
at VT with 417 and 389 ± 15 g/kg of DM, respectively (P = 0.09). Corn leaves at R5 tended to 
have greater ADL content than corn leaves at VT with 85.9 and 69.7 ± 8.3 g/kg of DM, 
respectively (P = 0.09). A variety × treatment interaction occurred for corn leaf ADL with 70, 
87, 88, and 66 ± 12 g/kg of DM for BMR/CON, BMR/FUN, FLY/CON, and FLY/FUN, 
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respectively (P = 0.04; Fig. 2.4c). Corn leaves at R5 had greater fat content than corn leaves at 
VT with 19.0 and 14.2 ± 1.9 g/kg of DM, respectively (P = 0.02). The effects of stage, variety, 
and treatment on corn leaf minerals are in Table 2.3 and any interactions in Figure 2.4.  
Corn stalks 
Results of corn stalk chemical analysis at both VT and R5 are in Table 2.4. Corn stalks at R5 
had greater DM content than corn stalks at VT with 179.6 and 158.1 ± 6.0 g/kg, respectively (P = 
0.02). Floury corn plants had greater stalk DM content than BMR corn plants with 182.9 and 
154.8 ± 6.0 g/kg of DM, respectively (P = 0.02). Corn stalks at VT had greater ash content than 
corn stalks at R5 with 83.2 and 61.4 ± 1.7 g/kg, respectively (P < 0.0001). Corn plants treated 
with FUN tended to have greater stalk ash content than CON corn plants with 74.2 and 70.4 ± 
1.7 g/kg of DM, respectively (P = 0.08). A variety × stage interaction occurred for corn stalk ash 
with 85.7, 59.5, 80.6, and 63.3 ± 2.4 g/kg of DM for BMR/VT, BMR/R5, FLY/VT, and FLY/R5, 
respectively (P = 0.04; Fig. 2.5a). Corn stalks at VT had greater CP content than corn stalks at 
R5 with 87.6 and 46.2 ± 1.8 g/kg, respectively (P < 0.0001). Brown mid-rib corn plants had 
greater stalk CP content than FLY corn plants with 72.7 and 61.1 ± 2.3 g/kg of DM, respectively 
(P = 0.01). A variety × stage interaction occurred for corn stalk CP with 97.5, 47.9, 77.7, and 
44.5 ± 2.6 g/kg of DM for BMR/VT, BMR/R5, FLY/VT, and FLY/R5, respectively (P = 0.0003; 
Fig. 2.5b). Corn stalks at R5 had greater NDF content than corn stalks at VT with 692.8 and 
664.0 ± 6.7 g/kg, respectively (P = 0.002). Floury corn plants had greater stalk NDF content than 
BMR corn plants with 704.7 and 652.1 ± 6.7 g/kg of DM, respectively (P < 0.0001). Corn stalks 
at R5 had greater ADF content than stalks at VT with 464.0 and 443.0 ± 8.8 g/kg, respectively (P 
= 0.01). Floury corn plants had greater stalk ADF content than BMR corn plants with 477 and 
430 ± 10 g/kg of DM, respectively (P = 0.04). Corn stalks at R5 had greater ADL content than 
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corn stalks at VT with 73.6 and 63.9 ± 6.0 g/kg, respectively (P = 0.04). Corn stalks at R5 had 
greater fat content than corn stalks at VT with 15.24 and 10.56 ± 0.75 g/kg, respectively (P = 
0.0002). A variety × stage interaction occurred for corn stalk fat with 9.9, 17.1, 11.2, and 13.4 ± 
1.1 g/kg of DM for BMR/VT, BMR/R5, FLY/VT, and FLY/R5, respectively (P = 0.02; Fig. 
2.5c). The effects of stage, variety, and treatment on corn stalk minerals are in Table 2.4 and any 
interactions in Figure 2.5. 
Corn cobs 
Results of corn cob chemical analysis at both VT and R5 are in Table 2.5. Corn cobs at R5 
had greater DM content than corn cobs at VT with 490.7 and 108.8 ± 4.9 g/kg, respectively (P < 
0.0001). Floury corn plants had greater cob DM content than BMR corn plants with 309.6 and 
289.9 ± 4.9 g/kg of DM, respectively (P < 0.0001). A variety × stage interaction occurred for 
corn cob DM with 112.0, 467.9, 105.7, and 512.5 ± 5.7 g/kg of DM for BMR/VT, BMR/R5, 
FLY/VT, and FLY/R5, respectively (P < 0.0001; Fig. 2.6a). Corn cobs at VT had greater CP 
content than corn cobs at R5 with 284.3 and 85.5 ± 4.0 g/kg, respectively (P < 0.0001). Brown 
mid-rib corn plants had greater cob CP content than FLY corn plants with 193.3 and 176.6 ± 4.0 
g/kg of DM, respectively (P = 0.007). Corn cobs at VT had greater NDF content than corn cobs 
at R5 with 433.9 and 198.3 ± 7.2 g/kg, respectively (P < 0.0001). Corn cobs at VT had greater 
ADF content than corn cobs at R5 with 243.6 and 71.1 ± 5.2 g/kg, respectively (P < 0.0001). 
Corn cobs at VT had greater ADL content than corn cobs at R5 with 171.3 and 27.2 ± 5.1 g/kg, 
respectively (P < 0.0001). Brown mid-rib corn plants had greater cob starch content than FLY 
corn plants with 485.6 and 465.7 ± 1.9 g/kg of DM, respectively (P = 0.02). Corn cobs at VT had 
greater WSC content than corn cobs at R5 with 111.7 and 32.6 ± 3.0 g/kg, respectively (P < 
0.0001). A variety × treatment interaction occurred for corn cob WSC with 72.8, 74.4, 75.2, and 
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66.2 ± 3.8 g/kg of DM for BMR/CON, BMR/FUN, FLY/CON, and FLY/FUN, respectively (P < 
0.0001; Fig. 2.6h). The effects of stage, variety, and treatment on corn cob minerals are in Table 
2.5 and any interactions in Figure 2.6.               
Corn flag leaves     
Results of corn flag leaf chemical analysis at both VT and R5 are in Table 2.6. Floury corn 
plants had greater FL DM content than BMR corn plants with 325 and 282 ± 21 g/kg of DM, 
respectively (P = 0.01). A variety × stage interaction occurred for corn FL DM with 251, 313, 
332, and 318 ± 23 g/kg of DM for BMR/VT, BMR/R5, FLY/VT, and FLY/R5, respectively (P = 
0.01; Fig. 2.7a). Corn FL at VT had greater CP content than corn FL at R5 with 16.3 and 14.0 ± 
2.5 g/kg, respectively (P < 0.0001). Floury corn plants had greater FL CP content than BMR 
corn plants with 164.2 and 138.6 ± 2.5 g/kg of DM, respectively (P < 0.0001). A variety × stage 
interaction occurred for corn FL CP with 140.8, 136.4, 184.8, and 143.7 ± 3.5 g/kg of DM for 
BMR/VT, BMR/R5, FLY/VT, and FLY/R5, respectively (P < 0.0001; Fig. 2.7b). Corn FL at VT 
had greater NDF content than corn FL at R5 with 750 and 580 ± 10 g/kg, respectively (P < 
0.0001). Corn FL at VT had greater ADF content than corn FL at R5 with 412.6 and 337.0 ± 9.7 
g/kg, respectively (P < 0.0001). Corn FL at VT had greater ADL content than corn FL at R5 with 
91.7 and 41.0 ± 5.2 g/kg, respectively (P < 0.0001). Corn FL at R5 had greater WSC content 
than corn FL at VT with 27.5 and 7.0 ± 5.4 g/kg, respectively (P = 0.003). The effects of stage, 
variety, and treatment on corn FL minerals are in Table 2.6 and any interactions in Figure 2.7. 
Whole plant corn silage yield and chemical analysis 
Whole plant corn silage yields were 64,746; 67,940; 62,521; and 67,654 ± 2,168 kg/ha for 
BMR/CON, BMR/FUN, FLY/CON, and FLY/FUN, respectively. Corn treated with FUN tended to 
yield more WPCS than CON with 63,634 and 60,488 ± 1,533 kg/ha, respectively (P = 0.08). At 
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harvest, WPCS DM content was 312.5, 267.5, 295.0, and 280.8 ± 0.1 g/kg for BMR/CON, 
BMR/FUN, FLY/CON, and FLY/FUN, respectively. Whole plant corn silage in CON had greater 
DM content at harvest than FUN with 303.7 and 274.2 ± 5.5 g/kg, respectively (P < 0.0001). A 
variety × treatment interaction was observed for WPCS DM content at harvest (Fig. 2.8a). Brown 
mid-rib CON WPCS had a greater DM content than FLY CON, however, FLY/FUN DM content 
was greater than BMR/FUN DM (P = 0.01). Dry matter WPCS yields at harvest were 20,197; 
18,169; 18,410; and 18,908 ± 698 kg/ha for BMR/CON, BMR/FUN, FLY/CON, and FLY/FUN, 
respectively. Whole plant corn silage in CON tended to  yield greater DM than FUN WPCS with 
19,303 and 18,538 ± 529 kg/ha, respectively (P = 0.10). A variety × treatment interaction was 
observed for WPCS DM yield at harvest (Fig. 2.8b). Similar to DM content at harvest, BMR CON 
WPCS had greater DM yield than FLY CON, however, FLY FUN DM yield was greater than BMR 
FUN DM (P = 0.02). Kernel processing scores at harvest were 76, 73, 68, and 73 ± 0.03 for 
BMR/CON, BMR/FUN, FLY/CON, and FLY/FUN, respectively, and were not different among 
varieties or treatments (P ≥ 0.12).  
    Results of WPCS chemical analysis are in Table 2.7. Days ensiled affected WPCS DM 
content with 284.8, 303.4, 304.7, and 331.1 ± 4.8 g/kg for d 0, 30, 90, and 150 d, respectively (P < 
0.0001). The DM content for WPCS ensiled for 30 and 90 d were not different from each other (P = 
1.00).  Floury WPCS had a greater DM content than BMR WPCS with 295.8 and 316.2 ± 3.6 g/kg, 
respectively (P = 0.002). Whole plant corn silage in CON had greater DM content than FUN WPCS 
with 314.4 and 297.6 ± 3.5 g/kg, respectively (P = 0.006). Whole plant corn silage ash content 
decreased as days ensiled increased with 58.31, 53.34, 51.26, and 48.57 ± 0.77 g/kg of DM for d 0, 
30, 90, and 150 d, respectively (P < 0.0001). Brown mid-rib WPCS had greater ash content than 
FLY WPCS with 54.30 and 51.46 ± 0.62 g/kg of DM, respectively (P = 0.0002). Whole plant corn 
 
 
62 
silage treated with FUN had a greater ash content than CON WPCS with 53.50 and 52.23 ± 0.62 
g/kg of DM, respectively (P = 0.04). Days ensiled affected WPCS NDF content with 432.2, 434.1, 
406.4, and 368.4 ± 9.9 g/kg of DM for d 0, 30, 90, and 150 d, respectively (P < 0.0001). Whole 
plant corn silage ensiled for 150 d had the lowest NDF value compared to the other treatments (P ≤ 
0.005). Floury WPCS had greater NDF content than BMR WPCS with 423.2 and 397.3 ± 8.3 g/kg 
of DM, respectively (P = 0.005). Days ensiled affected WPCS ADF content with 232.0, 221.8, 
209.2, and 190.5 ± 3.2 g/kg of DM for d 0, 30, 90, and 150 d, respectively (P < 0.0001). Whole 
plant corn silage ensiled for 0 and 30 d did not differ (P = 0.21) and WPCS ensiled for 30 and 90 d 
tended to differ (P = 0.08); however, all other treatment comparisons were different (P ≤ 0.005). 
Floury WPCS had greater ADF content than BMR WPCS with 226.8 and 200.0 ± 1.9 g/kg of DM, 
respectively (P < 0.0001). Whole plant corn silage treated with FUN tended to have a greater ADF 
content than CON WPCS with 215.9 and 210.8 ± 1.9 g/kg of DM, respectively (P = 0.07). Whole 
plant corn silage ADL content decreased as d ensiled increased with 31.61, 28.48, 25.48, and 22.38 
± 0.77 g/kg of DM for d 0, 30, 90, and 150 d, respectively (P < 0.0001). Floury WPCS had greater 
ADL content than BMR WPCS with 31.25 and 22.72 ± 0.61 g/kg of DM, respectively (P < 0.0001). 
Days ensiled affected WPCS fat content with 21.6, 15.2, 18.6, and 16.2 ± 1.2 g/kg of DM for d 0, 
30, 90, and 150 d, respectively (P = 0.01). Whole plant corn silage fat content differed between d 0 
and 30 (P = 0.006) and d 0 and 150 (P = 0.01); however, all other comparisons were not different 
(P ≥ 0.26). Days ensiled affected WPCS WSC content with 63.8, 11.7, 11.3, and 14.9 ± 1.2 g/kg of 
DM for d 0, 30, 90, and 150 d, respectively (P < 0.0001). Whole plant corn silage WSC content did 
not differ between d 30 and 90 (P = 0.99); however, all other comparisons differed (P ≤ 0.05). 
Brown midrib WPCS had greater WSC content than FLY WPCS with 26.89 and 23.94 ± 0.86 g/kg 
of DM, respectively (P = 0.001).  Days ensiled affected WPCS starch content with 248.8, 297.8, 
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311.8, and 348.2 ± 4.7 g/kg of DM for d 0, 30, 90, and 150 d, respectively (P < 0.0001). Whole 
plant corn silage starch content did not differ between d 30 and 90 (P = 0.18); however, all other 
comparisons were different (P ≤ 0.0001). Brown mid-rib WPCS had greater starch content than 
FLY WPCS with 306.7 and 296.1 ± 3.1 g/kg of DM, respectively (P = 0.03). Days ensiled affected 
WPCS NDFD30 with 507.7, 536.3, 555.3, and 530.5 ± 9.4 g/kg of DM for d 0, 30, 90, and 150 d, 
respectively (P = 0.007). Whole plant corn silage NDFD30 differed between d 0 and 90 (P = 
0.003); however, all other comparisons were not different (P ≥ 0.19). Brown mid-rib WPCS had 
greater NDFD30 than FLY WPCS with 572.6 and 492.3 ± 6.9 g/kg of DM, respectively (P < 
0.0001). Days ensiled affected WPCS uNDF with 116.7, 119.2, 110.2, and 96.8 ± 2.9 g/kg of DM 
for d 0, 30, 90, and 150 d, respectively (P < 0.0001). Whole plant corn silage uNDF differed 
between d 0 and 150 (P = 0.0002), d 30 and 150 (P < 0.0001), and d 90 and 150 (P = 0.01); 
however, all other comparisons were not different (P ≥ 0.14). Floury WPCS had greater uNDF than 
BMR WPCS with 125.3 and 96.1 ± 2.1 g/kg of DM, respectively (P < 0.0001). Days ensiled 
affected WPCS starch digestibility with 354, 360, 378, and 420 ± 17 g/kg of DM for d 0, 30, 90, 
and 150 d, respectively (P = 0.02). Whole plant corn silage starch digestibility differed between d 0 
and 150 (P = 0.02) and d 30 and 150 (P = 0.05); however, all other comparisons were not different 
(P ≥ 0.20). Days ensiled affected WPCS KPS with scores of 58.5, 50.8, 53.9, and 45.6 ± 1.8 % of 
starch passing through a 4.75 mm screen for d 0, 30, 90, and 150 d, respectively (P = 0.0001). 
Whole plant corn silage KPS did not differ between d 0 and 90 (P = 0.23), d 30 and 90 (P = 0.62), 
and d 30 and 150 (P = 0.14); however, all other comparisons were different (P ≤ 0.03).     
Corn kernel analysis 
No effects of variety, treatment or variety × treatment interaction were observed for kernel 
starch digestibility (P ≥ 0.67). Kernel starch digestibilities were 283, 281, 273, and 276 ± 17 
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g/kg of DM for BMR/CON, BMR/FUN, FLY/CON, and FLY/FUN, respectively. Brown mid-
rib corn kernels had greater kernel vitreousness score than FLY corn kernels with scores of 3.11 
and 2.65 ± 0.13, respectively (P = 0.05). A variety × treatment interaction was observed for 
kernel vitreousness score with scores of 3.23, 2.99, 2.49, and 2.80 ± 0.14 for BMR/CON, 
BMR/FUN, FLY/CON, and FLY/FUN, respectively (P < 0.0001; Fig. 2.9).  
 
DISCUSSION 
Effects on corn plant parts 
The objectives of this study were to examine the effects of foliar fungicide application on 
two corn varieties (BMR and FLY): 1) sampled as whole corn plants disassembled and 
chemically analyzed separately as leaves, stalks, cobs, and FL during 2 different time points in 
the growing season (VT and R5) and 2) corn sampled at harvest and ensiled for 0, 30, 90, or 150 
d and analyzed for nutrient and fermentation profile (WPCS). The type of foliar fungicide 
applied to this corn silage, a blend of pyraclostrobin and metconazole, acts primarily on the leaf; 
therefore, we hypothesized potential differences in leaf chemical analysis. Likewise, foliar 
fungicides are known to mitigate the negative effects of fungal pathogens on plants ultimately 
resulting in healthier, more nutritious feed material for dairy cows; therefore, we also 
hypothesized that corn plants sprayed with a foliar fungicide would result in superior WPCS. 
Finally, with this research, we sought to better understand whether greater emphasis should be 
placed upon selective harvest for greater corn kernel digestibility or greater whole-plant 
digestibility. 
Increased interest in foliar fungicide application on corn plants under disease stress has 
inadvertently led to discoveries of the potential benefits of fungicides aside from disease control 
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(Munkvold et al., 2008). Primarily, these benefits have centered around improvements in yield 
and stress tolerance, with less emphasis on the physiological conditions within the corn plants 
(Paul et al., 2011; Kalebich et al., 2017a). These physiological changes within the corn plant 
due to fungicide application may or may not be a result of disease pressure within the plant. In 
the present study, disease pressure was evaluated at 3 different time points, including V5, VT, 
and R5. Practically no disease was present for corn plants during the V5 or VT evaluations; 
however, during the R5 evaluation, up to 20 mm/m of leaf area of corn in CON was 
contaminated with at least 1 of the diseases scouted, while only 5 mm/m of leaf area or less of 
corn plants in FUN was affected during this evaluation. This interaction can be seen in Fig. 2.3a 
and 2.3b where the prevalence of WPGLS disease and 1 below ELI are negligible at V5 and 
VT; however, FUN clearly reduced the presence of both of these diseases when compared to 
CON at R5. In a similar study, Kalebich et al. (2017a) reported incidences of up to 15 mm/m of 
leaf area of WPGLS in corn treated with FUN at V5 and 9 mm/m of leaf area for corn plants in 
CON. Disease pressure in the present study was similar to values reported by Kalebich et al. 
(2017a) with WPGLS disease prevalence of up to 20 mm/m of leaf area in the present study 
compared to 15 mm/m of leaf area reported by these researchers. However, in the present study, 
FUN decreased the occurrence of disease; whereas, Kalebich et al. (2017a) reported greater 
disease pressure for plants treated with FUN compared with CON. 
Fungal disease growth and development is highly impacted by weather and environmental 
conditions. Specifically, diseases such as WPGLS thrive under warm, wet, humid conditions 
where rain and wind help to disperse the spores from the site of infection to the rest of the corn 
plant (Ward et al., 1999). The active ingredients in fungicides remain in the waxy cuticle on the 
corn leaf for approximately 21 d after application and are considered inactive after this time 
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frame (Balba, 2007; Kalebich et al., 2017a). Approximately 28 d elapsed between disease 
evaluations at V5 and VT and 34 d between disease evaluations at VT and R5. Corn plants were 
administered FUN during the VT stage of growth, and during the 34 d between the VT and R5 
disease evaluations, average temperatures were slightly higher than normal and fields 
experienced above average rainfall. These environmental conditions, the continued growth of 
the corn plant, and that growth extended beyond the active interval of FUN, it is not surprising 
that corn plants exhibited a greater incidence of disease at R5. 
Likewise, FUN application impacted corn plant weight, height, and leaf health. Corn plants 
treated with FUN were heavier and taller than CON corn plants. It is well documented that corn 
plants treated with a foliar fungicide produce greater overall yield than plants that are not 
(Kalebich et al., 2017a; Paul et al., 2011; Wise and Mueller, 2011). Increased plant weight and 
height in the present study may indicate an improved growth potential for FUN treated corn 
plants. This improved growth potential could be attributed to the disease control aspect of FUN 
or disease control coupled with improvements in tissue physiology. Corn plants in FUN also 
exhibited healthier leaf tissue than CON corn plants, especially at the R5 collection. These 
interactions can be seen in Fig. 2.2c and e, where FUN corn plants had fewer yellow leaves and 
tended to have more green leaves than CON at R5. Foliar FUN such as strobilurins are known 
to improve stalk strength, preserve green leaf tissue, and delay plant senescence (Wu and von 
Tiedemann, 2001). Plant senescence is commonly characterized by an onset of leaf yellowing as 
a result of chlorophyll breakdown (Diaz et al., 2018). This chlorophyll breakdown occurs when 
the photosynthetic pathway is affected due to stressors such as drought, osmotic pressure, 
pathogen challenge, disease, etc. (Hörtensteiner and Kräutler, 2011). By delaying leaf 
senescence by just one week, grain yield can increase by 0.9 × 103 kg/ha (Ruske et al., 2003). 
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Application of FUN to plants at VT may have played an important role in the prevention of 
fungal contamination, ultimately reducing blighted tissue and producing greener, heavier, taller, 
and healthier plants with heavier cobs in the present study. 
As the corn plant grows and matures, many physiological and biochemical changes are 
occurring. Plenty is understood about the physical changes occurring in the corn plant and even 
in the soil in which the corn plant grows during the maturing process; however, less is 
understood about the nutritional-physiochemical changes occurring within the corn plant, 
particularly for the specific hybrids examined in the present study and the impact on nutritional 
components most important for ruminant diets. Indeed, most of the changes accompanying corn 
maturity are associated with kernel development (Ferraretto et al., 2018). The extent of kernel 
development alters the proportional whole-plant DM with more emphasis placed upon the 
kernel than the corn stover (stalk, leaves, and husk; Buxton and O’Kiely, 2003). However, the 
rest of the corn plant, including the stalk, leaves, husk, and cob represent 50-70% of the total 
DM of the corn plant and play an important role in ruminant animal nutrition (Hunt et al., 
1989). Thus, their changing nutritional value as the plant grows and matures warrants attention. 
 The main physical changes occurring in the corn plant at VT are the emergence of the tassel 
and the development of full plant height (Nleya et al., 2016). At the R5 stage of growth, the 
milk line (a distinct horizontal line) forms between the yellow and white areas on the kernel, 
nearly all of the kernels begin to dent, and the moisture of the corn kernels reaches 
approximately 550 g/kg of DM (Nleya et al., 2016). This is the stage at which most WPCS 
reaches between 300 and 380 g/kg DM, can be considered mature, and is harvested (Mahanna et 
al., 2013). Almost every parameter measured in the present study revealed a stage difference 
(Tables 2.1 to 2.6). Only number of cobs, stalk weight, root length, leaf ADF, ADL, WSC and 
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Mg, stalk WSC, Ca, Fe, and Cu, and FL DM and Fe were not different between the VT and R5 
stage chemical analysis (P ≥ 0.07). It is not surprising that as the corn plants matured from VT 
to R5, they were heavier, taller, and had heavier cobs, FL, and leaves. Hunt et al. (1989) 
reported increasing DM, NDF, ADF, hemicellulose, cellulose, and ADL concentrations in the 
stover fraction of whole corn plants harvested at 1/3 milk line (R5.25 to 5.5), 2/3 milk line 
(R5.5 to 5.75), and black layer (R6) stages of growth. Conversely, these authors reported 
decreasing ruminal in situ DM digestibility (24 h) with increasing stover maturity (Hunt et al., 
1989). Based on their results, the non-grain parts of corn plants linearly declined in quality with 
increased maturity and thus should be harvested as early as possible for maximal utilization 
(Hunt et al., 1989). However, targeting earlier maturity at harvest may come at the expense of 
kernel starch yield (Ferraretto et al., 2018). A middle-ground must be reached in order to 
maximize the ruminant animal’s ability to digest both a high quality starch in corn kernels and 
the fibrous materials in the stover.  
Corn leaves at VT had greater DM, CP, NDF, and K, while corn leaves at R5 exhibited 
greater ash, fat, P, Ca, S, Zn, Mn, Fe, and Cu (P ≤ 0.03; Table 2.3). In a related study, Kalebich 
et al. (2017a) reported similar results with increased DM, CP and NDF at R1 and increased ash, 
Ca, Fe, and Mn at R3. These results coincide with the present study in that DM, CP, and NDF 
decreased with increasing corn leaf maturity while corn leaf ash, Ca, Fe, and Mn increased with 
increasing corn leaf maturity. Corn leaf tissue is the primary site of photosynthesis within the 
plant and thus has greater metabolic activity compared to the rest of the plant (Pordesimo et al., 
2004). Since many of the minerals examined in the present study are important cofactors in 
enzymatic activity, it is reasonable to assume that the more mature corn leaves exhibited greater 
amounts of photosynthetic substrates (Taiz et al., 2015). Conversely, corn stalks at VT had 
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greater ash, CP, P, K, Mg, S, Zn, and Mn, while corn stalks at R5 exhibited greater DM, NDF, 
ADF, ADL, and fat (P ≤ 0.04; Table 2.4). Likewise, Kalebich et al. (2017a) reported similar 
results with decreasing soluble CP, ash, P, Mg, K, S, and Zn and increasing ADL content with 
increasing corn stalk maturity. The digestibility of cell wall contents in forage crops decreases 
with increasing plant maturity, due primarily to greater lignification (Johnson et al., 1999). 
Thus, in the present study, it is not surprising that corn stalk fiber content increased with 
increasing plant maturity. As previously mentioned, since most of the metabolic activity is 
occurring in the corn leaf, it also stands to reason that the more mature corn stalks exhibited less 
minerals necessary for growth than the less mature, growing corn stalks. 
Corn cobs had greater concentrations of all parameters except for DM at VT compared to R5 
(P ≤ 0.003; Table 2.5). Similarly, of those chemical components measured for corn cobs, 
Kalebich et al. (2017a) reported similar results with lower concentrations of CP, NDF, ADF, 
WSC, Ca, P, Mg, K, S, Zn, Cu, and Mn and higher DM content for the more mature corn cobs. 
Since the DM content of corn cobs at VT was lower than at R5, it could be that the greater 
proportions of each mineral exhibited at VT was due to a concentration effect. The lower 
overall DM content of corn cobs at VT could translate into proportionally higher concentrations 
of each component on a DM basis. It is well understood that as corn plants mature, starch and 
DM increase while CP, NDF, and ash concentrations decrease (Johnson et al., 1999; Buxton and 
O’Kiely, 2003; Ferraretto et al., 2018). In the present study, starch, ash, and fat concentrations 
were not measured from corn cob samples collected at VT due to an insufficient sample size; 
therefore, stage effects were not examined for these parameters. On average, corn kernels at the 
R5 stage of growth contain approximately 550 g/kg of DM content (Nleya et al., 2016). The 
DM content in the present study for corn cobs in R5 (491 g/kg DM) coupled with an observed 
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476 g/kg of DM starch content in the present study indicates similarities in the known literature 
and perhaps a slightly early sample collection in the present study. 
Much like corn leaves, corn FL at VT had greater CP, NDF, ADF, ADL, P, and K, while 
corn FL at R5 exhibited greater WSC, Ca, Mg, S, Zn, Mn, and Cu (P ≤ 0.003; Table 2.6). 
Kalebich et al. (2017a) reported a similar condition for corn FL with lower CP, NDF, ADF, 
ADL, P, and K, and greater WSC, Ca, Mg, S, Zn, Mn, and Cu with increasing corn FL maturity. 
Photosynthesis in the flag leaf is the most important foundation for the formation of grain yield 
(Zhang et al., 2006). Roth and Lauer (2008) reported a much lower grain yield from corn plants 
defoliated at R1 compared to corn plants defoliated at V7, V10, and R3. Thus, it is reasonable 
that more mature corn FL contained greater concentrations of photosynthetic assimilates than 
less mature corn FL in the present study. Based upon the current literature, peak milk 
production from dairy cows occurs when WPCS is harvested between 320 and 350 g/kg DM or 
between ½ and ⅔ kernel milk line (Johnson et al., 1999; Allen et al., 2003; Ferraretto and 
Shaver, 2012a). Declines in actual and fat-corrected milk yields were only reported once WPCS 
was harvested beyond 400 g/kg DM (Ferraretto and Shaver, 2012). In the present study, WPCS 
was harvested at the R5 stage of growth (approximately ¾ milk line) which corresponded to 
approximately 300 g/kg DM. Further research is necessary to fully understand the optimum 
harvest time frame for maximum ruminal digestibility and milk production.  
As predicted, FUN affected leaf chemical composition in the present study. Lignin is known 
to comprise 40 to 60 g/kg of the cell wall and structurally gives plants their shape and 
standability (Jung, 2012). While standability and rigidity are important factors for plant growth, 
increased ADL content of a feedstuff is negatively correlated with digestibility in ruminants 
(Mowat et al., 1969). In the present study, ADL content in leaves was greater for FLY/CON 
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than BMR/CON, yet was lower in FLY/FUN than BMR/FUN, as outlined in Fig. 2.4c. 
Typically, BMR WPCS contains a lower ADL content than FLY WPCS, which is the case for 
CON corn leaves (Oba and Allen, 2000); however, an interaction occurred with FUN treated 
corn leaves causing the BMR corn leaves to exhibit greater ADL content than FLY corn leaves. 
Kalebich et al. (2017a) reported greater ADL content of corn leaves in CON compared to FUN 
treated leaves. It is unknown why FUN treated corn leaves would present higher ADL values in 
BMR than in CON, but could be related to plant maturity. As plants mature, the ADL content in 
stem cell walls typically increases (Johnson, 1999), which is likely what occurred for BMR corn 
leaves treated with FUN. Likewise, greater ADL content in BMR/FUN corn leaves could 
explain differences in plant height and weight as well. Conversely, these authors reported 
greater ADL content in FUN treated corn stalks compared to CON (Kalebich et al., 2017a). In 
the present study, no effect of FUN was observed for stalk ADL content.  
Treatment differences in the nutritive value of corn stalks due to the effect of foliar fungicide 
application occurred for K, Zn, and S (Table 2.4). Corn stalks in FUN exhibited greater 
potassium concentration than CON. Potassium is an essential micronutrient in plants and its 
primary functions in plant cells are to regulate the osmotic potential of the cell and activate 
enzymes involved in respiration and photosynthesis (Taiz et al., 2015).  Fungicide may have 
increased the photosynthetic potential of corn plants in the present study to allow for greater 
growth and development. Zinc and S content was greater for corn stalks at VT than at R5. An 
interaction between stage and treatment can be seen in Fig. 2.5g and i where at VT, FUN treated 
corn stalks had greater Zn and S concentrations; however, at R5, CON corn stalks had greater 
concentrations of Zn and S. Zinc and S are both essential components of proteins in plants and 
thus are critical for growth and development (Taiz et al., 2015). Since corn plants were still 
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undergoing growth at VT, it is not surprising that Zn and S concentrations were greater for both 
CON and FUN corn stalks at this time. However, it is unknown as to why FUN corn stalks 
experienced a greater decline in Zn and S at R5 compared to CON corn stalks. Perhaps the 
heavier, taller corn stalks in FUN required greater concentrations of Zn and S earlier in growth 
(VT) compared to CON corn stalks and by the time they reached maturity (R5), less Zn and S 
was required for proteins involved in cell growth for FUN corn stalks.    
There were no treatment differences in the nutritive quality of corn cobs due to the effect of 
foliar fungicide application (Table 2.5). However, a treatment tendency for variety interaction 
occurred for corn cob WSC (Fig. 2.6h).  For corn cobs in CON, FLY tended to have greater 
WSC content; however, for FUN treated corn cobs, BMR tended to have greater WSC content. 
Similar to corn cobs, no treatment differences in the nutritive quality of corn flag leaves due to 
the effect of foliar fungicide application was observed in the present study (Table 2.6). 
Photosynthesis in the flag leaf, which is the last leaf to emerge during growth, contributes to 30-
50% of the assimilates for grain filling, which upon initiation, corresponds with the onset of 
senescence (Sylvester-Bradley et al., 1990; Zhang et al., 2006). As previously mentioned, 
photosynthesis in the flag leaf is the most important basis for grain yield (Zhang et al., 2006). 
With no treatment differences in the nutritive value of corn flag leaves, it is not surprising that 
there were also no treatment differences for corn cobs due to this strong relationship between 
grain filling and FL photosynthesis.  
As previously mentioned, there are inherent differences between FLY and BMR hybrid 
WPCS. Typically, BMR WPCS exhibits lower ADL, improved NDF digestibility, reduced 
yield, and decreased standability (Mahanna et al., 2017). Despite traditionally observed 
decreased length and yield of BMR WPCS, increases in ruminal digestibility often translates to 
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higher intakes and greater milk yield (Mahanna et al., 2017). Conversely, floury WPCS hybrids 
typically offer greater kernel starch digestibility due to a loosely bound prolamin matrix within 
the kernel endosperm (Mahanna et al., 2017). Increased kernel vitreousness (hardness) is 
thought to be negatively associated with kernel starch digestibility, meaning FLY WPCS should 
contain a kernel with higher starch digestibility (Mahanna et al., 2017). In the present study, 
BMR corn plants were shorter than FLY corn plants at both VT and R5 and contained greater 
amounts of yellow leaves at both VT and R5 (Fig. 2.2a and b). Early BMR hybrids were 
thought to have more drought-tolerance and agronomic issues compared to non-BMR WPCS 
hybrids; therefore, this result is not unexpected (Mahanna et al., 2017). Contrary to associations 
between BMR WPCS hybrids and ADL concentrations, there were no main effects of variety on 
ADL concentrations in leaves, stalks, cobs, or FL (Tables 2.3 to 2.6). However, a variety × 
treatment interaction was observed for leaf ADL with BMR corn leaves having lower ADL 
concentrations than FLY in CON but greater concentrations of ADL than FLY in FUN. 
Fungicide application on corn plants has been shown to improve corn plant standability and 
reduce lodging (Wise and Mueller, 2011). Therefore, the increased ADL concentration observed 
for BMR/FUN could be a result of improved leaf health due to FUN application. Similarly, in 
corn cobs, BMR corn cobs in CON tended to have lower WSC concentrations than FLY, but 
higher concentrations of WSC for FUN/BMR compared to FUN/FLY (Fig. 2.6h).  
Not surprisingly, BMR corn kernels had greater kernel vitreousness score (KVS) than FLY 
corn kernels. A variety × treatment interaction occurred (Fig. 2.9) for KVS with BMR plants 
exhibiting greater KVS in both CON and FUN treatments, however, BMR WPCS in CON 
exhibited a slightly greater KVS score than BMR in FUN. Kernel vitreousness scores are 
assigned on a scale from 1 to 5, with 1 being not opaque and 5 being completely opaque (Vivek 
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et al., 2008). The degree of opacity is negatively associated with starch digestibility with kernels 
assigned scores of 1 to 3 as most desirable and scores of 4 or 5 least desirable in terms of starch 
digestibility (Vivek et al., 2008). In the present study, FUN appears to have slightly improved 
the KVS for BMR kernels; however, FUN slightly increased the KVS for FLY kernels. Based 
on KVS, FLY kernels should have greater starch digestibility than BMR kernels; however, no 
effect of treatment, variety, or their interactions were observed for kernel starch digestibility in 
the present study. This could be due to the numerical similarities in KVS score between the 2 
varieties.  
Effects on whole plant corn silage 
Often, overall corn yield and corn grain content are considered the most important 
components in WPCS (Hunt et al., 1992). However, the non-grain portion of WPCS represents 
over half of the total DM content in WPCS, yet commercially available corn hybrids are 
typically selected based upon their grain yield (Hunt et al., 1992). The importance of selecting a 
WPCS variety that contains both a digestible corn kernel and maximally digestible non-grain 
fibrous stover cannot be understated. Variety influenced all parameters measured except starch 
digestibility and fat in the present study (Table 2.7). Brown mid-rib WPCS exhibited greater 
concentrations of ash, WSC, starch, and NDFD30, while FLY WPCS exhibited greater DM, 
NDF, ADF, ADL, uNDF, and KPS. These results are not surprising based on the 
aforementioned known differences between BMR and conventional WPCS varieties with regard 
to digestibility and fiber content, as well as the 4-d difference in maturity at harvest.  
In the present study, DM and DM yield at harvest were impacted similarly by treatment 
and variety with BMR/CON exhibiting greater DM and DM yield at harvest than FLY/CON but 
FLY/FUN exhibiting greater DM and DM yield at harvest than BMR/FUN (Fig. 2.8a and b). 
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These results suggest that BMR WPCS grew better in CON, while FLY WPCS responded more 
favorably to FUN treatment. These results are in agreement with Kalebich et al. (2017b) in 
which authors reported decreases in DM content with FUN application. Likewise, treatment 
influenced DM and ash, with CON exhibiting greater DM content and FUN exhibiting greater 
ash content (Table 2.7). Fungicide application also tended to increase ADF concentration in 
WPCS. Queiroz et al. (2012) reported that increased Southern Rust contamination in corn 
increased the DM content of WPCS compared to corn plants not infected with this disease. In 
the present study, CON corn plants experienced a greater disease pressure than corn in FUN 
which may explain this observed difference in DM. It is understood that FUN can delay leaf 
senescence, ultimately increasing the amount of time necessary to reach optimum harvest DM 
(Wu and von Tiedemann, 2001). Fungicide application on corn in the present study may have 
delayed the maturation process leading to the observed decreases in DM in WPCS.  
Ensiling time influenced all parameters measured (Table 2.7). In general, longer ensiling 
times resulted in improved WPCS quality. Ensiling corn for 90 or 150 d resulted in greater 
WPCS DM, starch, NDFD30, starch digestibility, and KPS and lower ash, fiber content, and 
uNDF. Ferraretto et al. (2015b) reported no differences in DM content with changing ensiling 
times, however, Der Bedrosian et al. (2012) reported a tendency for increased DM with 
increasing the length of ensiling. On the other hand, length of post-harvest ensiling has been 
shown to cause no effect on fiber quality, starch content, or NDF digestibility contrary to results 
in the present study (Kalebich et al., 2017b; Ferreretto et al., 2015b; Der Bedrosian et al., 2012). 
Kalebich et al. (2017b) reported ash values between 47 and 58 g/kg DM. In the present study, 
ash content decreased for all treatments with longer ensiling times; however, values generally 
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agree with those reported by Kalebich et al. (2017b). Based on the results in the present study, 
ensiling times up to 90 and 150 d produced a more favorable WPCS than shorter ensiling times.  
Potential effects on milk production of dairy cows 
 The model Milk2006 (Shaver et al., 2006) was used to estimate energy values (NEL, NRC, 
2001) of WPCS, and to estimate potential milk yield in kilograms per hectare of DM for each 
CS treatment based on each treatment’s specific chemical composition. Milk2006 utilizes 
updated information and user defined input flexibility for these predictions. Inputs were 
included for the average of 30, 90, and 150 d for each of the 4 treatments. Based on the 
chemical composition of the 4 treatments averaged between 3 different ensiling times, the 
predicted energy content of this corn silage would be 6.8, 6.8, 6.6, and 6.7 MJ/kg of DM 
consumed for BMR/CON, BMR/FUN, FLY/CON, and FLY/FUN, respectively. Similarly, the 
potential milk yield for this corn silage would be 36,828; 32,775; 31,920; and 33,597 kg/ha for 
BMR/CON, BMR/FUN, FLY/CON, and FLY/FUN, respectively. Numerically, the BMR/CON 
and FLY/FUN WPCS treatments would theoretically result in the greatest milk yield and, 
therefore, the highest profit when fed to dairy cows. However, more research is necessary to 
understand the effects of FUN, variety, and length of ensiling on actual cow performance.  
 
CONCLUSIONS 
To our knowledge, this research represents the first time that the nutritional physiochemical 
measurements for these particular treatments, varieties, stages of growth, and ensiling times 
were quantified. Application of FUN generally resulted in corn plants that were healthier and 
more nutritionally favorable than CON corn plants. However, CON WPCS resulted in greater 
DM and DM yield than FUN WPCS. Traditionally, BMR WPCS is known to exhibit lower 
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lignification thus resulting in lower yield than traditional WPCS hybrids; however, BMR WPCS 
in the present study yielded greater DM than FLY WPCS under CON conditions with no 
differences in ADL concentrations. Likewise, BMR WPCS resulted in a more digestible product 
compared to FLY WPCS. Overall, longer enisling times resulted in more favorable WPCS than 
shorter ensiling times based on DM, fiber, and NDF and starch digestibilities. It is important to 
take into consideration the digestibility of the entire corn plant, rather than just the corn kernel 
when feeding lactating dairy cows. Therefore, BMR WPCS treated with FUN and ensiled for 90 
to 150 d may yield the best WPCS for feeding to dairy cows. 
 
ACKNOWLEDGMENTS 
This work was partially supported by a grant from B.A.S.F. USA. Special appreciation is 
extended to the Dairy Focus Team at the University of Illinois and the staff of the University of 
Illinois dairy farm for helping with data collection
 
 
78 
REFERENCES 
Allen, M. S., J. G. Coors, and G. W. Roth. 2003. Corn silage. Silage science and technology. 
547-608. 
AOAC International. 1995a. Official method 934.01. Moisture in animal feed. Pages 23-26 in 
Official Methods of Analysis. 16th ed. AOAC International, Arlington, VA. 
AOAC International. 1998. Official method 990.03. Protein (crude) in animal feed, combustion 
method. Official Methods of Analysis. 16th ed. AOAC International, Arlington, VA. 
Balba, H., 2007. Review of strobilurin fungicide chemicals. J. Environ. Sci. Health B 42, 441–
451. 
Barrière, Y., and O. Argillier. 1993. Brown-midrib genes of maize: a review. Agronomie, 13, 
865-876. 
Block, E., L. D. Muller, L. C. Griel, Jr., and D. L. Garwood. 1981. Brown midrib-3 whole plant 
corn silage and heat extruded soybeans for early lactating dairy cows. J. Dairy Sci. 64, 
1813-1825. 
Bradley, C., and K. Ames. 2010. Effect of foliar fungicides on corn with simulated hail damage. 
Plant Dis. 94, 83-86. 
Buxton, D. R. and P. O'Kiely. 2003. Preharvest plant factors affecting ensiling. Silage science 
and technology, 199-250. 
Coblentz, W. K., M. S. Akins, J. S. Cavadini, and W. E. Jokela. 2017. Net effects of nitrogen 
fertilization on the nutritive value and digestibility of oat forages. J. Dairy Sci. 100, 1739-
1750. 
Der Bedrosian, M. C., K. E. Nestor, Jr., and L. Kung, Jr. 2012. The effects of hybrid, maturity, 
and length of storage on the composition and nutritive value of corn silage. J. Dairy Sci. 
95, 5115-5126. 
Diaz, C., V. Saliba-Colombani, O. Loudet, P. Belluomo, L. Moreau, F. Daniel-Vedele, J. F. 
Morot-Gaudry, and C. Masclaux-Daubresse. 2006. Leaf Yellowing and Anthocyanin 
Accumulation are Two Genetically Independent Strategies in Response to Nitrogen 
Limitation in Arabidopsis thaliana. Plant and Cell Physiol. 47, 74-83. 
Dominguez, D. D., V. R. Moreira, L. D. Satter. 2002. Effect of feeding brown midrib-3 whole 
plant corn silage or conventional whole plant corn silage cut at either 23 or 71 cm on milk 
yield and composition. J. Dairy Sci., 85, 384 (Suppl. 1). 
Dubois, M., K. A. Gilles, J. K. Hamilton, P. A. Rebers, and F. Smith. 1956. Colorimetric method 
for determination of sugars and related substances. Anal. Chem. 28, 350-356. 
FAO, IDF and IFCN. 2014. World mapping of animal feeding systems in the dairy sector. Rome. 
Ferraretto, L., R. Shaver, and B. Luck. 2018. Silage review: Recent advances and future 
technologies for whole-plant and fractionated corn silage harvesting. J. Dairy Sci. 101, 
3937-3951. 
Ferraretto, L. F, A. C. Fonseca, C. J. Sniffen, A. Formigoni, and R. D. Shaver. 2015a. Effect of 
whole plant corn silage hybrids differing in starch and neutral detergent fiber digestibility 
 
 
79 
on lactation performance and total-tract nutrient digestibility by dairy cows. J. Dairy Sci. 
98, 395-405.  
Ferraretto, L., R. Shaver, S. Massie, R. Singo, D. Taysom, and J. Brouillette. 2015b. Effect of 
ensiling time and hybrid type on fermentation profile, nitrogen fractions, and ruminal in 
vitro starch and neutral detergent fiber digestibility in whole-plant whole plant corn silage. 
Prof. Anim. Sci. 31, 146-152.  
Ferraretto, L. and R. Shaver. 2012. Meta-analysis: Effect of corn silage harvest practices on 
intake, digestion, and milk production by dairy cows. Prof. Anim. Sci. 28, 141-149. 
Ferreira, G., Mertens, D., 2005. Chemical and physical characteristics of corn silages and their 
effects on in vitro disappearance. J. Dairy Sci. 88, 4414-4425. 
Gerber, C. K., et al. 2012. Corn and soybean field guide. Agriculture Communication Media 
Distribution Center. West Lafayette. IN. 
Hall, M. B. 2015. Determination of dietary starch in animal feeds and pet food by an enzymatic-
colorimetric method: collaborative study. AOAC Int. 98, 397-409. 
Halpin, C., K. Holt, J. Chojecki, D. Oliver, B. Chabbert, B. Monties, K. Edwards, A. Barakate, 
and G. A. Foxon. 1998. Brown-midrib maize (bm1) - a mutation affecting the cinnamyl 
alcohol dehydrogenase gene. Plant J. 14, 545-553. 
Hörtensteiner, S. and B. Kräutler. 2011. Chlorophyll breakdown in higher plants. Biochim. 
Biophys. Acta, Bioenerg. 1807, 977-988. 
Hunt, C. W., W. Kezar, and R. Vinande. 1989. Yield, Chemical Composition and Ruminal 
Fermentability of Corn Whole Plant, Ear, and Stover as Affected by Maturity. J. Prod. 
Agric. 2, 357-361. 
Hunt, C., W. Kezar, and R. Vinande. 1992. Yield, Chemical Composition, and Ruminal 
Fermentability of Corn Whole Plant, Ear, and Stover as Affected by Hybrid. J. Prod. 
Agric. 5, 286-290. 
Johnson, L., J. H. Harrison, C. Hunt, K. Shinners, C. G. Doggett, and D. Sapienza. 1999. 
Nutritive value of corn silage as affected by maturity and mechanical processing: A 
contemporary review. J. Dairy Sci. 82, 2813-2825. 
Jung, H.G., 2012. Forage digestibility: the intersection of cell wall lignification and plant tissue 
anatomy. In: Proceedings of the 23rd Annual Florida Ruminant Nutrition Symposium, 
University of Florida: Gainesville, FL, pp. 162-174. 
Kalebich, C. C., M. E. Weatherly, K. N. Robinson, G. M. Fellows, M. R. Murphy, and F. C. 
Cardoso. 2017a. Foliar fungicide (pyraclostrobin) application effects on plant composition 
of a silage variety corn. Anim. Feed Sci. Technol. 225, 38-53. 
Kalebich, C. C., M. E. Weatherly, K. N. Robinson, G. M. Fellows, M. R. Murphy, and F. C. 
Cardoso. 2017b. Foliar fungicide (pyraclostrobin) application on corn and its effects on 
whole plant corn silage composition. Anim. Feed Sci. Technol. 229, 19-31. 
Kruse, K. A., D. K. Combs, N. M. Esser, W. K. Coblentz, and P. C. Hoffman. 2010. Evaluation 
of potential carryover effects associated with limit feeding of gravid Holstein heifers. J. 
Dairy Sci. 93, 5374-5384. 
 
 
80 
Littell, R.C., P. R. Henry, and C. B. Ammerman. 1998. Statistical analysis of repeated measures 
data using SAS procedures. J. Anim. Sci. 76, 1216-1231. 
Mahanna B. 2009. Corn starch digestibility revisited: pt. 1. The silage zone. 
https://www.pioneer.com/home/site/us/silage-zone/corn_silage_feed/digest-corn-starch1/ 
Mahanna, B., B. Seglar, F. Owens, S. Dennis and R. Newell. 2013. Silage Zone Manual. Du Pont 
Pioneer. Johnston, IA. 
Mahanna, B., S. Dennis, F. Owens, B. Seglar, and D. Wiersma. 2017. Silage Zone Manual 
second edition. Du Pont Pioneer. Johnston, IA. 
Mowat, D., M. Kwain, and J. Winch. 1969. Lignification and in vitro cell wall digestibility of 
plant parts. Can. J. Plant Sci. 49, 499-504. 
Mueller, D. and. R. Pope. 2009. Corn Field Guide. Iowa State University, Extension and 
Outreach, Ames, Iowa.  
Mueller, D. and K. Wise. 2014. Corn Disease Loss Estimates from the United States and 
Ontario, Canada. 2013. Purdue University, Extension publication BP-96-13-W, West 
Lafayette, IN. 
Munkvold, G. P., T. Doerge, and C. Bradley. 2008. IPM is still alive for corn leaf diseases: Look 
before you spray. Proceedings of the 62nd Annual Corn & Sorghum Research Conference 
Chicago. CD-ROM, American Seed Trade Association, Alexandria, VA. 
Nelson, K. A., and C. Meinhardt. 2011. Foliar boron and pyraclostrobin effects on corn yield. 
Agron. J. 103, 1352-1358.  
Nleya, T., C. Chungu, and J. Kleinjan. 2016. Chapter 5: Corn Growth and Development. In Clay, 
D.E., C.G. Carlson, S.A. Clay, and E. Byamukama (eds). iGrow Corn: Best Management 
Practices. South Dakota State University. 
Oba, M. and M. S. Allen. 1999. Evaluation of the importance of the digestibility of neutral 
detergent fiber from forage: effects on dry matter intake and milk yield of dairy cows. J. 
Dairy Sci. 82, 589-596. 
Oba, M. and M. Allen. 2000. Effects of brown midrib 3 mutation in whole plant corn silage on 
productivity of dairy cows fed two concentrations of dietary neutral detergent fiber: 
Feeding behavior and nutrient utilization. J. Dairy Sci. 83, 1333-1341. 
Paul, P. A., L. V. Madden, C. A. Bradley, A. E. Robertson, G. P. Munkvold, G. Shaner, K. A. 
Wise, D. K. Malvick, T. W. Allen, A.  Grybauskas, P. Vincelli, and P. Esker. 2011. Meta-
analysis of yield response of hybrid field corn to foliar fungicides in the U S. corn-belt. 
Phytopathology 101, 1122-1132. 
Pordesimo, L. O., B. R. Hames, S. Sokhansanj, and W. C. Edens. 2005. Variation in corn stover 
composition and energy content with crop maturity. Biomass Bioenergy. 28, 366-374. 
Queiroz, O., S. Kim, and A. Adesogan. 2012. Effect of treatment with a mixture of bacteria and 
fibrolytic enzymes on the quality and safety of corn silage infested with different levels of 
rust. J. Dairy Sci. 95, 5285-5291. 
Reis, E. M., J. A. Santos, and M. M. C. Blum. 2007. Critical-point yield model to estimate yield 
damage caused by Cercospora zea-maydis in corn. Fitopatol. Bras. 32, 110-113. 
 
 
81 
Richards, C. J., J. F. Pedersen, R. A. Britton, R. A. Stock, and C. R. Krehbiel. 1995. In vitro 
starch disap Roth, G., Lauer, J., 2008. Impact of defoliation on corn forage quality. Agron. 
J. 100, 651–657.pearance procedure modifications. Anim. Feed Sci. Technol. 55, 35-45. 
Roth, G. and J. Lauer. 2008. Impact of defoliation on corn forage quality. Agron. J. 100, 651-
657. 
Ruske, R., M. Gooding, and S. Jones. 2003. The effects of triazole and strobilurin fungicide 
programmes on nitrogen uptake, partitioning, remobilization andgrain N accumulation in 
winter wheat cultivars. J. Agric. Sci. 140, 395-407. 
Santiago, R., J. Barros-Rios, and R. A. Malvar. 2013. Impact of cell wall composition on maize 
resistance to pests and diseases. Int. J. Mol. Sci. 14, 6960-6980. 
Sattler, S. E., D. L. Funnell-Harris, and J. F. Pedersen. 2010. Brown midrib mutations and their 
importance to the utilization of maize, sorghum, and pearl millet lignocellulosic tissues. 
Plant Sci. 178, 229-238. 
Savoie, P., K. J. Shinners, and B. N. Binversie. 2004. Hydrodynamic separation of grain and 
stover components in corn silage. Appl. Biochem. Biotechnol. 113-116:41-54. 
Sexton, A. C. and B. J. Howlett. 2006. Parallels in fungal pathogenesis on plant and animal 
hosts. Eukaryot. Cell 5, 1941-1949. 
Shaver, R., J. Lauer,  J. Coors, and P. Hoffman. 2006. Dairy Nutrition Spreadsheets. Milk2006 
Corn Silage: Calculates TDN-1x, NEL-3x, Milk per Ton, and Milk per Acre. Madison, 
WI, USA: University of Wisconsin. Excel spreadsheet available online at: 
http://www.uwex.edu/ces/dairynutrition/spreadsheets.cfm (accessed 17 May 2018). 
Sylvester-Bradley, R., R. Scott, and C. Wright. 1990. Physiology in the production and 
improvement of cereals. 18. 
Taiz, L., E. Zeiger, I. M. Moller, and A. Murphy. 2015. Plant physiology and development (6th 
ed.). Sinauer Associates, Inc. Sunderland, MA. 
Taylor, C.C. and M.S. Allen. 2005. Corn grain endosperm type and brown midrib 3 corn silage: 
Site of digestion and ruminal digestion kinetics in lactating cows. J. Dairy Sci. 88, 1413-
1424. 
USDA, 2014. National Statistics for Corn. National Agricultural Statistics Service, Washington, 
DC. 
Vivek B. S., A. F. Krivanek, N. Palacios-Rojas, S. Twumasi-Afriyie, and A. Diallo. 2008. 
Breeding Quality Protein Maize (QPM): Protocols for Developing QPM Cultivars. 
Mexico, DF: CIMMYT. 
Ward, J. M., E. L. Stromberg, D. C. Nowell, and F. W. Nutter Jr.1999. Gray leaf spot: a disease 
of global importance in maize production. Plant Dis. 83, 884-895. 
Wise, K. and D. Mueller. 2011. Are fungicides no longer just for fungi? An analysis of foliar 
fungicide use in corn. APSnet Features. 
Wu, Y. X. and A. von Tiedemann. 2001. Physiological effects of azoxystrobin and 
epoxiconazole on senescence and the oxidative status of wheat. Pest. Biochem. Physiol. 
71, 1-10. 
 
 
82 
Young, E.O., K. W. Contanch, C. S. Ballard, and R. J. Grant. 2015. Agronomic and forage 
quality characteristics of brown midrib (BMR) and non-BMR whole plant corn silage 
hybrids grown in Northern New York. W.H. Miner Agricultural Research Institute, 
Chazy, NY.  
Zhang, C. J., G. X. Chen, X. X. Gao, and C. J. Chu. 2006. Photosynthetic decline in flag leaves 
of two field-grown spring wheat cultivars with different senescence properties. S. Afr. J. 
Bot. 72, 15-23.  
 
 
83 
TABLES AND FIGURES 
 
Table 2.1. Least squares means and associated standard errors for pre-harvest physical measurements at the first sampling time point 
(VT) and the second time point (R5) for brown mid-rib (BMR) and floury (FLY) corn varieties with no fungicide treatment (CON) or 
fungicide treatment at VT (FUN). 
 Treatment1 P-Value2 
 BMR FLY  
Stage Variety Treatment VAR
3 × 
Stage 
TRT1 × 
Stage  CON FUN CON FUN   VT R5 VT R5 VT R5 VT R5 SEM 
Corn plant weight, g 486 807 520 895 539 854 573 963 35 <0.0001 0.03 0.01 0.93 0.21 
Corn plant height, cm 205.4 269.3 210.8 272.6 281.7 305.8 286.0 312.0 3.3 <0.0001 <0.0001 0.05 <0.0001 0.95 
Number of green 
leaves 12.00 11.48 11.94 11.83 11.51 10.96 11.50 11.40 0.18 0.02 0.001 0.17 0.96 0.10 
Number of yellow 
leaves 0.00 0.67 0.00 0.25 0.00 0.46 0.00 0.08 0.05 <0.0001 0.002 <0.0001 0.002 <0.0001 
Number of cobs 1.67 1.29 1.67 1.79 1.11 1.33 1.15 1.25 0.14 0.83 0.0003 0.23 0.13 0.31 
First cob weight, g 5.2 257.2 5.0 290.6 7.0 271.8 6.3 293.3 2.7 <0.0001 0.01 <0.0001 0.06 <0.0001 
Second cob weight4, g - 2.6 - 5.8 - 12.9 - 14.5 3.8 - 0.02 0.49 - - 
Flag leaf weight, g 2.39 2.80 2.93 3.35 2.98 3.76 2.67 3.86 0.32 0.002 0.03 0.28 0.16 0.60 
Leaves weight, g 119 157 116 156 122 151 124 173 12 <0.0001 0.48 0.48 0.98 0.46 
Stalk weight, g 305 320 310 361 337 349 372 377 18 0.11 0.01 0.04 0.32 0.56 
Root weight, g 91 53 103 70 87 71 89 81 13 0.01 0.77 0.26 0.23 0.73 
Root length, cm 32.8 28.5 38.6 28.5 29.7 31.3 27.4 31.5 5.9 0.51 0.52 0.78 0.14 0.79 
1 Treatments (TRT) included brown mid-rib (BMR) or floury (FLY) whole plant corn silage varieties either with (FUN) or without (CON) fungicide treatment at VT 
stage of growth with corn plants collected at both the vegetative tassel (VT) and the R5 stages of growth 
2No significant 3-way interaction (variety × treatment × day) or variety × treatment interaction; P ≥ 0.10. 
3Variety 
4Corn plants did not contain a second cob during the VT stage of growth
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Table 2.2. Least squares means and associated standard errors (in millimeters per meter of leaf area) for pre-harvest disease evaluation at the first 
sampling time point (VT) and the second time point (R5) for brown mid-rib (BMR) and floury (FLY) corn varieties with no fungicide treatment 
(CON) or fungicide treatment at VT (FUN). 
 Treatments1 P-Values2 
BMR FLY  
Stage VAR3 TRT4 
VAR3  
×  
Stage 
TRT1  
×  
Stage CON FUN CON FUN  V5 VT R5 V5 VT R5 V5 VT R5 V5 VT R5 SEM 
WPGLS4 disease 0.00 0.08 20.00 0.00 0.10 5.00 0.00 0.05 19.00 0.00 0.13 5.25 0.21 <0.0001 0.97 <0.0001 0.83 <0.0001 
ELI5 0.00 0.00 7.60 0.00 0.00 1.73 0.00 0.00 8.81 0.00 0.00 2.58 0.23 - 0.0002 <0.0001 - - 
1 below ELI5 0.03 0.00 11.98 0.05 0.00 3.80 0.05 0.00 11.79 0.03 0.00 3.45 0.42 <0.0001 0.98 0.02 0.98 0.02 
1 above ELI5 0.00 0.00 6.30 0.00 0.00 1.33 0.00 0.00 7.41 0.00 0.00 1.79 0.21 - 0.003 <0.0001 - - 
1 Treatments (TRT) included brown mid-rib (BMR) or floury (FLY) whole plant corn silage varieties either with (FUN) or without (CON) fungicide treatment at VT stage of 
growth with corn plants collected at the vegetative growth stage 5 (V5), vegetative tassel (VT), and R5 stages of growth. 
2No significant 3-way interaction (variety × treatment × day) or variety × treatment interaction; P ≥ 0.06. 
3Variety 
4Whole plant grey leaf spot disease 
5Ear leaf injury; includes leaf injury ratings for the highest ear leaf on the stalk, one leaf above the highest ear leaf (1 above ELI), and one leaf below the highest ear leaf (1 below 
ELI). 
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Table 2.3. Least squares means and associated standard errors (grams per kilogram of DM unless otherwise noted) for pre-harvest leaf 
wet chemistry at the first sampling time point (VT) and the second time point (R5) for brown mid-rib (BMR) and floury (FLY) corn 
varieties with no fungicide treatment (CON) or fungicide treatment at VT (FUN). 
 Treatment1 P-Value2 
 BMR FLY  
Stage Variety Treatment  CON FUN CON FUN  
Nutrient fraction VT R5 VT R5 VT R5 VT R5 SEM 
    DM3 257 220 271 230 262 214 264 222 20 0.001 0.72 0.43 
    Ash 92.8 139.8 93.6 136.5 94.5 118.0 96.3 130.0 6.3 <0.0001 0.19 0.47 
    CP4 206.1 155.8 205.2 164.1 210.0 174.2 208.7 166.3 3.9 <0.0001 0.08 0.87 
    NDF5 702 630 691 652 674 622 678 628 15 <0.0001 0.03 0.53 
    ADF6 387 414 396 434 408 426 365 394 25 0.09 0.66 0.47 
    ADL7 63 77 75 99 82 95 59 73 15 0.09 0.93 0.76 
    WSC8 24.7 24.4 22.1 17.8 22.7 18.9 21.3 26.2 3.8 0.74 0.99 0.76 
    Fat 15.7 18.6 11.9 19.6 14.8 18.8 14.4 18.9 2.9 0.02 0.88 0.69 
    P 5.52 7.02 5.66 7.20 3.89 4.56 3.88 4.55 0.27 <0.0001 <0.0001 0.67 
    K 24.27 21.89 25.05 22.26 26.17 25.03 27.17 25.32 0.64 <0.0001 <0.0001 0.14 
    Ca 6.25 12.41 6.29 11.79 5.31 10.84 5.17 9.33 0.68 <0.0001 0.002 0.20 
    Mg 2.29 3.51 2.24 3.26 2.07 3.11 1.84 2.67 0.20 <0.0001 0.001 0.02 
    S 2.48 2.47 2.58 2.51 2.61 2.75 2.58 2.72 0.07 0.29 0.003 0.63 
    Zn, mg/kg of DM 30.8 38.7 32.4 42.2 28.8 39.0 29.5 35.3 2.3 <0.0001 0.17 0.64 
    Mn, mg/kg of DM 39.1 55.0 42.6 58.9 35.9 53.2 37.1 52.5 6.2 0.001 0.35 0.66 
    Fe, mg/kg of DM 206 444 255 421 208 394 206 304 59 0.0004 0.21 0.70 
    Cu, mg/kg of DM 14.5 20.8 16.3 19.0 16.4 18.3 16.2 15.8 1.7 0.03 0.47 0.56 
1 Treatments included brown mid-rib (BMR) or floury (FLY) whole plant corn silage varieties either with (FUN) or without (CON) fungicide treatment at VT 
stage of growth with corn plants collected at both the vegetative tassel (VT) and the R5 stages of growth 
2Variety × stage interactions occurred for ash (P = 0.05, Fig. 2.4a) and phosphorous (P = 0.02, Fig. 2.4b); a variety × treatment interaction occurred for lignin (P 
= 0.04, Fig. 2.4c) 
3Dry matter 
4Crude protein 
5Neutral detergent fiber 
6Acid detergent fiber 
7Acid detergent lignin 
8Water soluble carbohydrates
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Table 2.4. Least squares means and associated standard errors (grams per kilogram of DM unless otherwise noted) for pre-harvest 
stalk wet chemistry at the first sampling time point (VT) and the second time point (R5) for brown mid-rib (BMR) and floury (FLY) 
corn varieties with no fungicide treatment (CON) or fungicide treatment at VT (FUN). 
 Treatment1  P-Value2 
 BMR FLY  
Stage Variety Treatment  CON FUN CON FUN  
Nutrient fraction VT R5 VT R5 VT R5 VT R5 SEM 
    DM3 139 173 137 170 177 197 180 178 12 0.02 0.02 0.54 
    Ash 83.1 58.6 88.3 60.4 77.4 62.4 83.9 64.2 3.5 <0.0001 0.78 0.08 
    CP4 96.5 47.9 98.6 48.0 75.6 43.9 79.7 45.0 3.2 <0.0001 0.01 0.32 
    NDF5 634 674 648 652 690 730 685 715 13 0.002 <0.0001 0.40 
    ADF6 408 449 418 447 470 476 476 485 15 0.01 0.04 0.46 
    ADL7 61.2 71.7 61.0 75.7 62.0 70.5 71.5 76.3 9.4 0.04 0.77 0.27 
    WSC8 81 86 71 91 67 62 30 55 24 0.38 0.23 0.34 
    Fat 9.3 16.6 10.5 17.6 11.8 12.9 10.7 13.9 1.7 0.0002 0.27 0.63 
    P 3.27 2.36 3.36 2.52 2.26 0.90 2.64 0.86 0.17 <0.0001 <0.0001 0.19 
    K 33.1 19.4 35.7 20.1 31.2 22.6 34.6 24.4 1.7 <0.0001 0.32 0.02 
    Ca 3.36 3.04 3.49 3.02 2.78 2.71 2.58 2.38 0.22 0.07 0.0002 0.46 
    Mg 2.32 1.77 2.29 1.70 1.80 1.23 1.55 1.06 0.14 <0.0001 <0.0001 0.10 
    S 1.1 0.9 1.2 0.8 0.9 0.7 0.9 0.6 0.03 <0.0001 <0.0001 0.44 
    Zn, mg/kg of DM 39.3 24.80 56.6 25.4 26.9 19.7 28.7 13.6 5.1 <0.0001 <0.0001 0.18 
    Mn, mg/kg of DM 19.8 14.0 21.9 16.4 19.4 18.5 19.4 15.9 2.7 0.03 0.87 0.79 
    Fe, mg/kg of DM 81 83 191 93 160 83 53 87 52 0.22 0.56 0.87 
    Cu, mg/kg of DM 10.5 9.0 17.6 10.1 7.1 8.3 4.1 6.5 3.3 0.49 0.07 0.66 
1 Treatments included brown mid-rib (BMR) or floury (FLY) whole plant corn silage varieties either with (FUN) or without (CON) fungicide treatment at VT 
stage of growth with corn plants collected at both the vegetative tassel (VT) and the R5 stages of growth 
2Variety × stage interactions occurred for ash (P = 0.04, Fig. 2.5a), crude protein (P = 0.0003, Fig. 2.5b), fat (P = 0.02, Fig. 2.5c), phosphorous (P = 0.004, Fig. 
2.5d), potassium (P = 0.005, Fig. 2.5e), and zinc (P = 0.03, Fig. 2.5f); treatment × stage interactions occurred for sulfur (P = 0.003, Fig. 2.5i) and zinc (P = 0.02, 
Fig. 2.5g); a variety × treatment interaction occurred for zinc (P = 0.03, Fig. 2.5h). 
3Dry matter 
4Crude protein 
5Neutral detergent fiber 
6Acid detergent fiber 
7Acid detergent lignin 
8Water soluble carbohydrates
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Table 2.5. Least squares means and associated standard errors (grams per kilogram of DM unless otherwise noted)  for pre-harvest 
cob wet chemistry at the first sampling time point (VT) and the second time point (R5) for brown mid-rib (BMR) and floury (FLY) 
corn varieties with no fungicide treatment (CON) or fungicide treatment at VT (FUN). 
 Treatment1  P-Value2 
 BMR FLY 
SEM 
Stage Variety Treatment  CON FUN CON FUN 
Nutrient fraction VT R5 VT R5 VT R5 VT R5 
    DM3 116.7 467.5 107.3 468.3 109.1 514.3 102.3 512.8 6.9 <0.0001 <0.0001 0.29 
    Ash4 - 18.48 - 18.52 - 18.84 - 18.45 0.50 - 0.75 0.69 
    CP5 297.0 86.7 299.4 90.0 267.7 84.6 273.2 80.8 8.0 <0.0001 0.007 0.75 
    NDF6 442 196 441 199 427 195 426 203 13 <0.0001 0.58 0.77 
    ADF7 242.8 70.4 241.4 68.1 242.9 74.0 247.3 71.9 8.5 <0.0001 0.55 0.95 
    ADL8 173.5 27.9 166.9 27.6 175.2 27.6 169.5 25.6 8.2 <0.0001 0.92 0.49 
    Starch4 - 488 - 484 - 465 - 467 20 - 0.02 0.89 
    WSC9 113.5 32.2 114.4 34.4 118.1 32.4 100.8 31.6 5.4 <0.0001 0.36 0.24 
    Fat4 - 35.2 - 34.6 - 37.2 - 37.5 4.1 - 0.30 0.90 
    P 9.91 4.82 10.09 4.53 9.80 4.40 9.78 4.45 0.28 <0.0001 0.26 0.93 
    K 31.62 5.74 33.13 5.58 28.54 5.03 29.11 5.20 0.65 <0.0001 <0.0001 0.15 
    Ca 2.13 0.05 2.26 0.04 1.72 0.06 1.74 0.05 0.05 <0.0001 <0.0001 0.69 
    Mg 3.23 1.51 3.32 1.38 2.96 1.30 2.91 1.27 0.08 <0.0001 0.0001 0.61 
    S 4.08 1.36 4.32 1.42 3.73 1.33 3.73 1.30 0.10 <0.0001 0.0005 0.31 
    Zn, mg/kg of DM 92.3 34.8 97.6 31.2 76.3 36.0 82.1 35.1 3.4 <0.0001 0.01 0.45 
    Mn, mg/kg of DM 33.0 8.2 36.2 7.6 31.4 7.2 34.4 6.7 2.2 <0.0001 0.39 0.35 
    Fe, mg/kg of DM 67.2 41.0 62.2 37.5 58.4 51.2 60.6 57.7 7.0 0.003 0.28 0.99 
    Cu, mg/kg of DM 11.41 3.02 11.63 2.44 8.05 3.59 8.08 3.42 0.46 <0.0001 0.01 0.63 
1 Treatments included brown mid-rib (BMR) or floury (FLY) whole plant corn silage varieties either with (FUN) or without (CON) fungicide treatment at VT 
stage of growth with corn plants collected at both the vegetative tassel (VT) and the R5 stages of growth 
2Variety × stage interactions occurred for dry matter (P < 0.0001, Fig. 2.6a), potassium (P = 0.0004, Fig. 2.6b), calcium (P < 0.0001, Fig. 2.6c), sulfur (P = 
0.01, Fig. 2.6d), zinc (P = 0.0003, Fig. 2.6e), iron (P = 0.03, Fig. 2.6f), and copper (P < 0.0001, Fig. 2.6g); a variety × treatment tendency occurred for WSC (P 
= 0.10, Fig. 2.6h). 
3Dry matter 
4Not enough sample from VT stage of growth 
5Crude protein 
6Neutral detergent fiber 
7Acid detergent fiber 
8Acid detergent lignin 
9Water soluble carbohydrates 
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Table 2.6. Least squares means and associated standard errors (grams per kilogram of DM unless otherwise noted)  for pre-harvest 
flag leaf wet chemistry at the first sampling time point (VT) and the second time point (R5) for brown mid-rib (BMR) and floury 
(FLY) corn varieties with no fungicide treatment (CON) or fungicide treatment at VT (FUN). 
 Treatment1  P-Value2 
 BMR FLY 
SEM 
Stage Variety Treatment  CON FUN CON FUN 
Nutrient fraction VT R5 VT R5 VT R5 VT R5 
    DM3 252 314 250 312 327 328 336 327 27 0.11 0.01 0.69 
    CP4 139.1 137.6 142.5 135.3 187.4 139.6 182.2 147.7 4.9 <0.0001 <0.0001 0.78 
    NDF5 759 568 743 544 750 585 749 624 21 <0.0001 0.11 0.98 
    ADF6 417 310 408 335 406 345 419 359 20 <0.0001 0.29 0.44 
    ADL7 87.8 37.3 83.6 38.9 92.2 39.7 103.2 98.0 8.8 <0.0001 0.28 0.43 
    WSC8 7.8 27.3 7.5 26.8 6.6 26.1 6.2 29.8 9.9 0.003 0.99 0.88 
    P 5.29 5.40 5.29 5.63 5.30 2.57 5.14 2.61 0.60 0.001 0.0002 0.92 
    K 17.0 11.9 16.9 12.3 22.0 13.0 21.5 13.9 1.1 <0.0001 0.03 0.76 
    Ca 1.4 17.0 2.0 16.6 3.6 16.5 3.8 16.0 1.1 <0.0001 0.19 0.93 
    Mg 1.84 2.92 1.80 2.64 1.93 2.27 1.93 1.84 0.26 0.001 0.02 0.14 
    S 2.00 2.86 2.20 2.91 2.89 2.73 2.84 2.85 0.11 0.0004 0.0006 0.30 
    Zn, mg/kg of DM 59.3 98.8 63.6 102.2 48.6 89.5 48.4 91.1 8.3 <0.0001 0.01 0.56 
    Mn, mg/kg of DM 27 90 31 126 36 130 37 113 22 <0.0001 0.32 0.58 
    Fe, mg/kg of DM 154 131 193 303 268 478 151 236 161 0.23 0.23 0.63 
    Cu, mg/kg of DM 5.5 44.8 4.9 43.4 6.3 22.4 5.2 26.8 5.6 <0.0001 0.003 0.90 
1 Treatments included brown mid-rib (BMR) or floury (FLY) whole plant corn silage varieties either with (FUN) or without (CON) fungicide treatment at VT 
stage of growth with corn plants collected at both the vegetative tassel (VT) and the R5 stages of growth. 
2Variety × stage interactions occurred for dry matter (P = 0.01, Fig. 2.7a), crude protein (P < 0.0001, Fig. 2.7b), phosphorus (P = 0.0002, Fig. 2.7c), potassium 
(P = 0.004, Fig. 2.7d), calcium (P = 0.03, Fig. 2.7e), magnesium (P = 0.01, Fig. 2.7f), sulfur (P < 0.0001, Fig. 2.7g), and copper (P = 0.003, Fig. 2.7h). 
3Dry matter 
4Crude protein 
5Neutral detergent fiber 
6Acid detergent fiber 
7Acid detergent lignin 
8Water soluble carbohydrates 
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Table 2.7. Least squares means and associated standard errors (grams per kilogram of DM unless otherwise noted) for chemical analysis of brown 
mid-rib (BMR) and floury (FLY) corn varieties with (FUN) or without (CON) fungicide treatment at VT stage of growth and ensiled for 0, 30, 90, 
or 150 d. 
 Treatment1 P-Value2,3 
 BMR FLY  Variety Treatment  CON FUN CON FUN 
Nutrient fraction 0 30 90 150 0 30 90 150 0 30 90 150 0 30 90 150 SEM   
DM4 281 301 306 321 271 285 295 307 305 325 314 335 282 303 303 335 10 0.002 0.006 
Ash 57.4 54.1 52.6 50.3 62.0 54.3 52.8 50.7 55.3 52.5 49.0 46.8 58.5 52.5 50.7 46.5 1.7 0.0002 0.04 
NDF5 414 429 397 360 415 426 392 346 442 438 405 375 458 443 432 394 16 0.005 0.48 
ADF6 215.3 206.9 197.3 176.4 216.9 213.2 196.1 178.1 240.1 232.5 218.4 199.9 255.8 234.8 225.0 207.7 6.4 <0.0001 0.07 
ADL7 27.0 24.0 22.3 18.6 26.6 24.6 20.9 17.7 35.2 33.3 28.6 26.3 37.6 32.0 30.2 26.9 1.3 <0.0001 0.81 
Fat 20.3 17.7 20.2 16.0 19.2 12.9 17.6 14.9 23.5 15.4 17.5 18.1 23.5 14.8 19.0 15.7 2.4 0.30 0.19 
WSC8 64.5 13.0 13.4 17.6 68.9 11.7 10.7 15.4 62.4 11.5 10.8 13.6 59.3 10.4 10.3 13.2 2.5 0.001 0.26 
Starch 258.4 310.5 316.5 346.8 250.8 301.8 321.7 347.4 252.4 293.5 304.6 352.7 230.8 284.8 304.4 345.8 9.4 0.03 0.20 
NDFD 309 534 584 587 593 554 575 594 600 466 475 496 478 477 511 545 491 19 <0.0001 0.26 
uNDF10 102.9 104.9 97.8 82.8 99.6 104.9 94.3 82.0 127.3 137.0 124.2 112.2 137.0 130.0 124.5 110.2 5.9 <0.0001 0.79 
Starch digestibility 353 371 371 384 329 366 392 443 390 345 384 440 343 356 365 414 33 0.87 0.87 
Kernel processing 
score11 57.3 51.2 52.0 42.3 57.4 43.9 54.3 41.4 56.5 54.2 58.7 52.7 62.7 53.8 50.6 45.9 3.4 0.02 0.24 
1 Treatments included brown mid-rib (BMR) or floury (FLY) whole plant corn silage varieties either with (FUN) or without (CON) fungicide treatment at VT stage of growth and 
ensiled for 0, 30, 90, or 150 d 
2No significant 2 (variety × day, treatment × day, variety × treatment) or 3-way interactions (variety × treatment × day); P ≥ 0.11 
3Significant effect of day for all variables; P ≤ 0.02 
4Dry matter 
5Neutral detergent fiber 
6Acid detergent fiber 
7Acid detergent lignin 
8Water soluble carbohydrates 
9NDF digestibility 30 h 
10Undigestible NDF at 240 h 
11% of starch passing through a 4.75 mm screen
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Fig. 2.1. Split plot, randomized complete block experimental design for brown mid-rib 
(BMR) and floury (FLY) corn varieties with no fungicide treatment (CON) or fungicide 
treatment at VT (FUN). 
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    (a)                                                                     (b)                                                                    (c)  
 
    (d)                                                                         (e)  
 
 
 
Fig. 2.2. Corn plant height (a), number of yellow leaves (b, c), first cob weight (d), and number of green leaves (e) 
2-way interactions (variety × stage; a, P < 0.0001 and b, P =0.002; and treatment × stage; c, P < 0.0001; d, P < 
0.0001; and tendency e, P = 0.10) for brown mid-rib (BMR) and floury (FLY) corn varieties with no fungicide 
treatment (CON) or fungicide treatment at VT (FUN) and collected at VT and R5 stages of growth. 
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        (a) 
 
           (b) 
 
 
Fig. 2.3. Whole plant grey leaf spot disease millimeter per meter (a) and 1 below ear leaf 
injury millimeter per meter (b) 2-way interactions (treatment × stage; a, P < 0.0001 and b, 
P = 0.02) for brown mid-rib (BMR) and floury (FLY) corn varieties with no fungicide 
treatment (CON) or fungicide treatment at VT (FUN) analyzed at VT, V5, and R5 stages 
of growth. 
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(a)                                                                                            (b) 
 
 
(c) 
 
Fig. 2.4. Leaf ash (a), P (b), and acid detergent lignin (ADL; c) 2-way interactions (variety × stage; a, P = 0.05 and 
b, P =0.02; and variety × treatment; c, P = 0.04) for brown mid-rib (BMR) and floury (FLY) corn varieties with no 
fungicide treatment (CON) or fungicide treatment at VT (FUN) and collected at VT and R5 stages of growth. 
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(a)                                                                    (b)                                                                   (c) 
 
(d)                                                                    (e)                                                                   (f) 
 
(g)                                                                    (h)                                                                   (i) 
Fig. 2.5. Stalk ash (a), crude protein (b), fat (c), P (d), K (e), Zn (f, g, and h), and S (i) 2-way interactions (variety × stage; a, P = 0.04, 
b, P = 0.0003, c, P = 0.02, d, P = 0.004, e, P = 0.005, and f, P = 0.03; treatment × stage; g, P = 0.003, and i, P = 0.03; and variety × 
treatment; h, P = 0.02) for brown mid-rib (BMR) and floury (FLY) corn varieties with no fungicide treatment (CON) or fungicide 
treatment at VT (FUN) and collected at VT and R5 stages of growth.
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(a)                                                                    (b)                                                                   (c) 
 
(d)                                                                    (e)                                                                   (f) 
 
(g)                                                                    (h)                                                                    
Fig. 2.6. Cob dry matter (a), K (b), Ca (c), S (d), Zn (e), Fe (f), Cu (g), and water soluble carbohydrates (WSC; h) 2-way interactions 
(variety × stage; a, P < 0.0001, b, P = 0.0004, c, P < 0.0001, d, P = 0.01, e, P = 0.0003, f, P = 0.03, and g, P < 0.0001; and variety × 
treatment tendency; h, P = 0.10) for brown mid-rib (BMR) and floury (FLY) corn varieties with no fungicide treatment (CON) or 
fungicide treatment at VT (FUN) and collected at VT and R5 stages of growth.
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(a)                                                                    (b)                                                                   (c) 
 
(d)                                                                    (e)                                                                   (f) 
 
(g)                                                                    (h) 
Fig. 2.7. Flag leaf dry matter (a), crude protein (b), P (c), K (d),  Ca (e), Mg (f), S (g), and Cu (h) 2-way interactions (variety × stage; 
a, P = 0.01, b, P < 0.0001, c, P = 0.0002, d, P = 0.04, e, P = 0.03, f, P = 0.01, g, P < 0.0001, and h, P = 0.003) for brown mid-rib 
(BMR) and floury (FLY) corn varieties with no fungicide treatment (CON) or fungicide treatment at VT (FUN) and collected at VT 
and R5 stages of growth.
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      (a) 
 
 
      (b) 
 
Fig. 2.8. Whole plant corn silage dry matter 
content (a) and dry matter yield (b) 2-way 
interactions (treatment × variety; a, P = 0.006 
and b, P = 0.02) for brown mid-rib (BMR) and 
floury (FLY) corn varieties with no fungicide 
treatment (CON) or fungicide treatment at VT 
(FUN) analyzed at harvest. 
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Fig. 2.9. Corn kernel vitreousness score (scored 
from 1 to 5 where: 1= completely modified (i.e., 
translucent); 2 = ¾ modified; 3 = ½ modified; 4 
= ¼ modified; and 5 = completely opaque) for 
brown mid-rib (BMR) and floury (FLY) corn 
varieties with no fungicide treatment (CON) or 
fungicide treatment at VT (FUN) analyzed at 
R5. 
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CHAPTER III 
 
 
 
 
 
 
 
PHYSIOLOGICAL RESPONSES TO A YEAST AND CLAY-BASED ADSORBENT 
DURING AN AFLATOXIN CHALLENGE IN HOLSTEIN COWS1 
 
 
 
 
 
 
 
 
 
 
 
1Weatherly, M.E., R.T. Pate, G.E. Rottinghaus, F.O. Roberti Filho, and F.C. Cardoso. 2018. 
Physiological responses to a yeast and clay-based adsorbent during an aflatoxin challenge in 
Holstein cows. Anim. Feed Sci. Technol. 235, 147-157. 
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INTRODUCTION 
Aflatoxins (AF) are a class of mycotoxin produced as secondary metabolites by several 
species from the fungal species Aspergillus flavus and Aspergillus parasiticus. Aflatoxins are 
commonly found in dairy cattle feedstuffs (Xiong et al., 2015; Kutz et al., 2009). When 
consumed by dairy cows, an AF derivative (AFB1) is converted to aflatoxin M1 (AFM1) and is 
commonly considered a toxic carcinogen (IARC, 2002). Aflatoxin M1 can be detected in plasma 
and milk in as little as 5 min and 1 h after ingestion, respectively (Moschini et al., 2008; 
Battacone et al., 2012). Due to its rapid secretion into milk, AF can be considered a food safety 
risk (Kutz et al., 2009; Sulzberger et al., 2017). Transfer percentages from feed to milk vary 
among individual animals but values as high as 6.2% have been reported for high producing 
dairy cows (Veldman et al., 1992). In the United States, the FDA has set a maximum threshold 
limit of 0.0005 mg/kg AF in milk while the European Union adheres to a 0.00005 mg/kg 
maximum limit (Campbell et al., 2003). Not only are there risks associated with even small 
amounts of AF consumed by humans, but there are immunotoxic effects on cows as well. 
Alterations in blood metabolites when cows are exposed to AF are commonly reported, 
indicating some degree of immune response to the toxin (Marin et al., 2002; Fink-Gremmels and 
Malekinejad, 2007; Xiong et al., 2015; Sulzberger et al., 2017). Specifically, changes in 
superoxide dismutase (SOD) and alkaline phosphatase (ALP) have been linked with cows 
receiving an AF challenge (Sulzberger et al., 2017). Others have used additional blood 
constituents (e.g.; gamma-glutamyl transferase) to monitor liver function with AF intoxication in 
dairy cows (Applebaum and Marth, 1983; Arthington et al., 2003) and dairy sheep (Battacone et 
al., 2005). The short time between AF ingestion and secretion, and the seriousness of its 
consequences warrant close attention.  
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Corn silage is one of the primary feedstuffs in dairy cow diets and may be contaminated 
by mycotoxins such as deoxynivalenol, zearalenone, fumonisin, and AF, either when plants are 
growing in the field or when they are stored under inadequate conditions (Miller, 2008; Richard 
et al., 2009). Drought conditions may also increase risk for pre-harvest AF contamination in 
crops commonly fed to dairy cows (Cotty and Jaime-Garcia, 2007; Guo et al., 2008). Mycotoxin 
production is influenced by temperature and humidity, and is estimated to affect 250 g/kg of all 
agriculture commodity crops (FAO, 2004). Because of the wide range of conditions under which 
fungi may thrive and the high incidence of the contaminant, it is important to develop strategies 
to mitigate the negative effects of AF when fed to dairy cows. 
The use of different types of sequestering agents in alleviating AF in cows and other 
livestock has been widely examined. The major benefit of AF sequestering agents is that they are 
able to adsorb AF during digestion allowing the toxin to pass through the animal without causing 
harm (Davidson et al., 1987; Phillips et al., 1989; Kutz et al., 2009). Advantages of using 
adsorbents when pursuing decontamination of milk are that they are safe, inexpensive, and easy 
to feed (Kutz et al., 2009). Common types of adsorbents studied include activated carbons or 
charcoals, yeast cell cultures, and clay-based products such as bentonite and hydrated sodium 
calcium aluminosilicates (Diaz et al., 2004; Moschini et al., 2008; Kutz et al., 2009). The degree 
of efficacy of these sequestering agents differs due to the variable nature of the mechanisms 
behind which the adsorbents target AF in the body (Stroud, 2006). Ultimately, addition of these 
sequestering agents to the diet of cows consuming AF should decrease the bioavailability of free 
toxins to the cow and allow the AF to pass safely through the animal (Phillips et al., 1990).  
Of particular interest for the present study is the effect of sequestering agents containing 
bentonite in combination with yeast cell wall extracts on the efficacy of AF adsorbance in 
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lactating dairy cows. The objectives of the present study were to determine the effects of a yeast 
cell wall and bentonite clay-based adsorbent on excretion of AF, milk composition, health and 
blood metabolites of mid-lactation Holstein cows under an AF challenge. 
 
MATERIALS AND METHODS 
Animal Care and Housing 
 All experimental procedures were approved by the University of Illinois (Urbana-
Champaign) Institutional Animal Care and Use Committee (#15204). The experiment occurred 
from January 25 to April 18, 2016.  Cows were housed in tie stalls with sand bedding and ad 
libitum feed and water access. A total mixed ration (TMR) was formulated according to NRC 
(2001) recommendations (Table 3.1). Animal inputs considered when formulating the diet were 
cows in their 3rd lactation, at 85 days in milk (DIM), 680.4 kg BW producing 36 kg milk/d with a 
target 38 g/kg milk fat, 32 g/kg milk protein, and a predicted 25 kg/d dry matter intake (DMI).   
2.2. Experimental Design and Aflatoxin Challenge Procedure 
A total of 80 multiparous Holstein cows [BW (mean ± SD) = 698 ± 72 kg; DIM = 153 ± 83] 
were initially assigned to 1 of 5 treatments in a randomized complete block design consisting of 
16 blocks. However, 4 cows were excluded from analysis due to issues with mastitis or very low 
milk yield, therefore only 76 cows completed the experiment. Cows were distributed into blocks 
with regard to lactation number, days in milk, previous lactation 305-d milk yield, and BCS to 
ensure that these variables had minimal chance of influencing the outcome variables of the study. 
One week before the experiment, the covariate period (week -1), baseline levels for milk 
yield, body weight, body condition score, and DMI were measured. The experimental period (28 
d) was divided into an adaptation phase (d 1 to 21) and a measurement phase (d 22 to 28). From 
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d 22 to 24 cows received an AF challenge similar to the one proposed by Kutz et al. (2009).  
Dietary AF consisted of Aspergillus parasiticus (NRRL-2999) culture material containing 102 
mg/kg of AFB1, 3.5 mg/kg of AFB2, 35 mg/kg of AFG1, and 0.9 mg/kg of AFG2 (University of 
Missouri, Columbia, MO).  The challenge consisted of 100 µg of AFB1/kg of dietary DMI 
measured into 28-mL gelatin capsules (TORPAC, Fairfield, NJ) and administered approximately 
1 hour after feeding orally via balling gun based on the average DMI obtained on d 19 to 21. 
Treatments were: control (CON), no adsorbent and no AF challenge; (POS), no adsorbent plus 
an AF challenge; (P30), 30 g per cow per day of an adsorbent with proprietary composition of 
yeast cell wall and bentonite clay; (P60), 60 g per cow per day of the same adsorbent previously 
mentioned; and (PROT), 60 g per cow per day of a prototype adsorbent. All the adsorbents were 
provided by Biorigin (Lençóis Paulista, SP, Brazil). All cows were fed the same TMR 
throughout the trial once daily at 1500 h. The daily P30, P60, or prototype allocation was mixed 
with 300 g of ground corn and top dressed onto the TMR.  Cows in CON and POS were given a 
top dress consisting of 300 g of ground corn only. 
Data Collection and Sampling Procedures 
Samples of feed ingredients and TMR were obtained on the first day of each week and 
analyzed for dry matter (DM; AOAC, 1995a) by drying for 24 h in a forced-air oven at 110℃. 
Diet was adjusted weekly for changes in DM content of ingredients.  The TMR offered and 
refused from each cow was recorded to determine intake based on weekly DM analyses. Total 
mixed ration samples were taken on the first day of each week and stored at – 20℃ until 
analyzed. Two TMR composite samples per period (n = 6) were analyzed for contents of DM, 
CP, ADF, lignin, NDF, starch, fat, ash, Ca, P, Mg, K, Na, Fe, Zn, Cu, Mn, Mo, and S using wet 
chemistry methods (Dairy One, http://dairyone.com/wp-content/uploads/2014/02/Forage-Lab-
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Analytical Procedures-Listing-Alphabetical-July-2015.pdf, 2015a; Table 3.2). Briefly, samples 
were dried in force air oven at 60°C (Goering and Van Soest, 1970). For analysis of CP, dry, 
1mm ground samples analyzed by combustion using a CN628 Carbon/Nitrogen Determinator 
(AOAC International, 2006a; Leco Corporation, St. Joseph, MI). For analysis of ADF, 0.5-g 
samples were digested for 75 min as a group of 24 in 2L of ADF solution in ANKOM A200 
digestion unit (ANKOM Technology, Macedon, NY). Samples were rinsed 3 times with boiling 
water for 5 min in filter bags and then soaked for 3 min in acetone, followed by drying at 105°C 
for 2 h (AOAC International, 2000; ANKOM, 2011). For analysis of lignin, samples were 
subject to the same treatment as for ADF analysis, and residue was digested as a group of 24 
with 720 g/kg sulfuric acid for 3 h in ANKOM Daisy incubator (AOAC International, 2000; 
ANKOM, 2011). For analysis of NDF, 0.5-g samples in filter bags were digested for 75 min as a 
group of 24 in 2 L of NDF solution in ANKOM A200 digestion unit. Four milliliters of α-
amylase and 20 g sodium sulfite were added at the start of digestion. Samples were rinsed 3 
times with boiling water for 5 min, and α-amylase was added in the first 2 rinses. After rinses, 
bags were soaked for 3 min in acetone, followed by drying at 105°C for 2 h (Van Soest et al., 
1991; ANKOM, 2011). For analysis of starch, samples were pre-extracted for sugar by 
incubation in 40ºC water bath and filtration on Whatman 41 filter paper. Residues were 
thermally solubilized using an autoclave, then incubated with glucoamylase enzyme to hydrolyze 
starch to produce dextrose (glucose). Prepared samples were injected into sample chamber of 
YSI Analyzer where dextrose diffuses into a membrane containing glucose oxidase. The 
dextrose was immediately oxidized to hydrogen peroxide and D-glucono-4-lactone. The 
hydrogen peroxide was detected amperometrically at the platinum electrode surface. The current 
flow at the electrode is directly proportional to the hydrogen peroxide concentration, and hence 
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to the dextrose concentration. Starch was determined by multiplying dextrose by 0.9 (YSI 
Incorporated Life Sciences, Yellow Springs, OH). For analysis of fat, ether extraction by Soxtec 
HT6 System was performed using anhydrous diethyl ether. Crude fat residue determined 
gravimetrically after drying (AOAC International, 2006b; Foss North America, Eden Praire, 
MN). For analysis of ash, 2 g of sample was weighed into a porcelain crucible and placed in a 
temperature controlled furnace preheated to 600°C for 2 hours. Samples were transferred to a 
crucible, allowed to cool, and were weighed immediately (AOAC International, 2000). For 
analysis of minerals, samples digested using CEM Microwave Accelerated Reaction System 
(MARS6) with MarsXpress Temperature Control using 50ml calibrated Xpress Teflon PFA 
vessels with Kevlar/fiberglass insulating sleeves then analyzed by ICP using a Thermo iCAP 
6300 Inductively Coupled Plasma Radial Spectrometer (CEM, Matthews, NC). Value for NEL 
was provided by the laboratory and calculated based on NRC (2001).  Additionally, two 
composite TMR samples per period (n = 6) were sent to the Veterinary Medical Diagnostic 
Laboratory, College Veterinary Medicine, University of Missouri, Columbia, MO to be analyzed 
for AF concentrations. The minimum detection limit for AFB1 in TMR AF analysis was 10 
µg/kg. Particle size distribution of TMR was performed weekly using the Penn State Particle 
Separator (Kononoff et al., 2003). 
Cows were milked 2 times daily at 0400 and 1600 h; milk weights were recorded at every 
milking. Milk was sampled on d 1, 2, 22, 23, and 24 and were composited in proportion to milk 
yield and sent to a commercial laboratory (Dairy Lab Services, Dubuque, IA) to be analyzed for 
contents of fat, true protein, milk urea nitrogen (MUN), lactose, and total solids, and for somatic 
cell count (SCC) using mid-infrared procedures (AOAC, 1995b). In addition, the appearance and 
disappearance of AF excreted in milk was tested at each milking from d 22 to 28, with the use of 
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a SNAP test (SNP; IDEXX Laboratories, INC., Westbrook, ME). Milk samples from d 22 to 26 
were stored at −20℃ until they were sent to the Veterinary Medical Diagnostic Laboratory, 
College Veterinary Medicine, University of Missouri, Columbia, MO to be analyzed for AFM1 
and AFB1 concentrations by the same HPLC methods described by Kutz et al. (2009). 
Blood was sampled from the coccygeal vein or artery on d 22 and 26 (n = 2 per cow; BD 
Vacutainer; BD and Co., Franklin Lakes, NJ) approximately 2 h post-feeding. Serum and plasma 
samples were obtained by centrifugation of the tubes at 2,500 × g for 15 min at 4°C and stored at 
−20℃ until further analysis. Commercially available kits were used to analyze serum samples for 
glucose, non-esterified fatty acids (NEFA), and superoxidase dismutase (SOD) activity. Serum 
SOD activity was assessed using a superoxidase dismutase assay kit in which the dismutation of 
superoxide radicals generated by xanthine oxidase and hypoxanthine were measured (Cayman 
Chemical, Ann Arbor, MI). Serum glucose was measured using a glucose auto kit (Wako 
Diagnostics, Richmond, VA) and serum NEFA were measured using a NEFA auto kit (Wako 
Diagnostics, Richmond, VA.), following manufacturer’s instructions. Plasma and serum samples 
were sent to the University of Illinois Veterinary Diagnostic Laboratory to be analyzed for 
albumin (plasma) and alkaline phosphatase (ALP; serum) content using the AU680 Beckman 
Coulter analyzer (http://vetmed.illinois.edu/vet-resources/veterinary-diagnostic-
laboratory/clinical-pathology/). 
Urine samples (30 mL; 1 sample/cow/d) were collected by manually stimulating 
urination on d 22, 24, and 26 approximately 2 h post-feeding.  Fecal samples (100 g, wet weight; 
1 sample/cow/d) were collected directly from the cow’s rectum on d 22, 24, and 26 
approximately 22 h post-feeding.  Urine samples were stored at −20℃ until they were sent to the 
Veterinary Medical Diagnostic Laboratory, College Veterinary Medicine, University of 
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Missouri, Columbia, MO to be analyzed for AFM1 concentrations. Fecal samples were stored at 
−20℃ until the end of the experiment when they were thawed, dried in a forced air oven at 55 °C 
for 72 h, then ground to pass through a 1-mm screen in a Thomas-Wiley laboratory mill (Arthur 
H. Thomas, Philadelphia, PA). Ground fecal samples were sent to the Veterinary Medical 
Diagnostic Laboratory, College Veterinary Medicine, University of Missouri, Columbia, MO to 
be analyzed for AFB1 concentrations. 
Health evaluations were performed daily during the last week for the duration of the 
challenge. Visual assessments were performed to monitor general appearance and fecal score. 
Fecal scores were based on a 1 to 4 scale according to Krause et al. (2009): 1 = runny: liquid 
consistency, splatters on impact, spreads readily; 2 = loose: may pile slightly and spreads and 
splatters moderately on impact and setting; 3 = soft: piles up but spreads slightly on impact and 
settling; 4 = dry: hard, dry appearance, original form not distorted on impact and settling. 
General appearance was scored using a similar method to Krause et al. (2009): 4 = bright and 
alert; 3 = depressed; 2 = reluctant to rise; 1 = down cow, will not get up. Respiration rate was 
recorded by visually watching the cow breathe for 30 s, and heart rate was measured using a 
stethoscope for 30 s. Rectal temperature was measured using a GLA M700 Thermometer (GLA 
Agricultural Electronics, San Luis Obispo, CA). Fecal score was considered abnormal if ≤ 2, 
general appearance was considered abnormal if  ≤ 2, respiratory rate was considered abnormal if  
> 40 breaths/min, heart rate was considered elevated if  > 100 beats/min, and body temperature 
was considered elevated if > 39.4°C (Ireland-Perry and Stallings, 1993; Krause and Oetzel, 
2005). Body weight was measured (Ohaus digital scale, model CW-11, Newark, NJ) and body 
condition score (BCS) was assigned in quarter-unit increments for each cow weekly (Ferguson et 
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al., 1994). More than one person assigned a BCS score independently at each time of scoring and 
the average score was used for statistical analysis.  
Calculations 
Excretion of AFM1 µg/kg, was calculated as described by Maki et al. (2016): Excretion 
(µg/kg) = concentration of AFM1 in milk on d 24 (µg) × milk yield on d 24 (kg) and AF Transfer 
(g/kg) = [AF excretion (µg/kg) / AFB1 challenge (µg/kg)] × 100. 
Statistical Analyses 
Data collected from d 22 to 28 were analyzed using SAS (v. 9.4, SAS Institute Inc., Cary NC). 
For production variables, the MIXED procedure of SAS was used to model the fixed effects of 
treatment and block. A covariate (week -1) was included for DMI, body weight, BCS, and milk 
yield using the following model: Y#$ = 	µ +	)* + +, +	ε#$ 
Where Y#$ = the observations for dependent variables; µ = the overall mean;  )* = the fixed effect 
of the ith treatment; +, = effect of the jth block; and ε#$ = the random residual error. For variables 
measured over time, the MIXED procedure of SAS was used to model the fixed effects of 
treatment, day, and block using the following model: Y#$. = 	µ +	)* + /, + 	) ×	/*, + +1 +	ε#$. 
Where Y#$. = the observations for dependent variables; µ = the overall mean;  )* = the fixed 
effect of the ith treatment; /, = is the fixed effect of repeated measurement, which used as day in 
aflatoxin concentration and blood metabolites. The )	 × /*,  term is the interaction of treatment 
and repeated measurement; +1 = effect of the kth block; and ε#$.2 = the random residual error. The 
estimation method was REML and the degrees of freedom method was Kenward-Roger (Littell 
et al., 2002). Variables were subjected to 5 covariance structures: compound symmetry, 
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autoregressive order 1, autoregressive heterogeneous order 1, unstructured, and Toeplitz. The 
covariance structure that yielded the lowest corrected Akaike information criterion was 
compound symmetry and used in the model (Littell et al., 2002). For both models, cow was the 
experimental unit and considered a random effect. Somatic cell count was logarithmically 
transformed for better normality and homoscedasticity of residuals. Data presented for this 
variable were back-transformed. Four orthogonal contrasts were used. Contrast 1 (CONT1): The 
positive control treatment (0 g adsorbent + AF challenge) was compared with the negative 
control treatment (0 g adsorbent and no AF challenge). Contrast 2 (CONT2): The positive 
control treatment (0 g adsorbent + AF challenge) was compared with the average of the two 60 
g/d treatments (P60 and PROT) along with linear and quadratic treatment effects [POS (0 g 
adsorbent), P30 or P60 g/d, respectively]. Degrees of freedom method was Kenward-Rogers 
(Littell et al., 2002). Residuals distribution was evaluated for normality and homoscedasticity. 
Extreme outliers were removed for SCC (n = 2). Cows that developed mastitis during the 
measurement phase (d 22 to 28) were removed (n = 3, CON: n = 1, POS: n = 1, and P60: n = 1) 
from the dataset along with a cow that had abnormally low milk production in late lactation (n = 
1, P30). Statistical significance was declared at P ≤ 0.05 and trends at 0.05 < P ≤ 0.10.  
 
RESULTS 
Diet Composition   
The ingredient composition of the diet is in Table 3.1. Analyzed nutrients from the experimental 
diet are in Table 3.2.  Particle size distribution of the TMR, based on the Penn State Particle 
Separator (Kononoff et al., 2003) was (mean ± SD) 106.20 ± 53 g/kg on 19 mm pore size, 
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321.40 ± 35 g/kg on 8 mm pore size, 467.30 ± 35 g/kg on 1.2 mm pore size sieves, and 115.5 ± 
19 g/kg in the pan. Aflatoxin concentrations in TMR were below detection limits. 
3.2. DMI, BW, BCS, and Lactation Performance 
Performance data are in Table 3.3. There were no treatment differences (P > 0.05) for 
either contrast (CONT1 or CONT2) for DMI, milk yield, BW, BCS, milk components, or feed 
efficiencies. The total number of positive AFM1 SNP tests was greater for POS cows compared 
to CON cows with 7.85 and 0.00 positive tests, respectively (P < 0.001; CONT1). Similarly, the 
total amount of discarded milk was greater for cows in POS treatment compared to cows in CON 
with 197.1 kg and 86.2 kg of total discarded milk, respectively (P < 0.001; CONT1).  
Blood Metabolites 
 Blood metabolite data are also in Table 3.3. A difference for serum glucose concentrations 
was observed for CON vs. POS treatments (P = 0.001; CONT 1) and a linear treatment effect 
with the POS control having a greater glucose concentration and decreasing linearly for P30 and 
P60 (P = 0.02). A difference for serum NEFA concentrations was observed for POS versus the 
average of P60 and PROT treatments (P = 0.04; CONT 2) with the POS control having a lower 
NEFA concentration than the average of P60 and PROT. A quadratic treatment effect was 
observed for serum ALP with a greater concentration of ALP for P30 than for POS or P60 (P = 
0.05). A treatment × day interaction was observed for serum ALP concentrations (Figure 1). No 
linear (P = 0.85) or quadratic (P = 0.75) treatment effects or differences for any contrasts (P = 
0.76 CONT 1; P = 0.67 CONT2) were observed for plasma albumin. A difference for serum 
SOD concentrations was observed for CON vs. POS treatments (P < 0.001; CONT 1) and linear 
and quadratic treatment effects (P < 0.001), with the POS control having a greater SOD 
concentration than all other treatments.  
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Aflatoxin Concentrations 
 Aflatoxin concentrations in milk, urine and feces, and AF excretion and transfer data are in 
Table 3.4. No differences were observed between the positive control and the average of P30 or 
P60, or for linear or quadratic differences among treatments for AFM1 presence in milk or urine 
(P > 0.05). However, for AFM1 presence, excretion, and transfer in milk and presence in urine 
and feces, cows in CON had lower concentrations than cows in POS (P < 0.001). A quadratic 
trend was observed for AFB1 presence in feces (P = 0.08). Cows in P30 tended to have a greater 
amount of AF present in the feces than cows in POS and P60 treatments. Treatment × day 
interactions were observed for AF presence in milk, urine, and feces (P ≤ 0.002; Fig. 3.2 to 3.4, 
respectively). As expected, AF concentrations in milk, feces, and urine increased over time 
during the challenge.  
 
DISCUSSION 
The objective of this study was to determine the effects of yeast cell wall and bentonite 
clay-based top-dressed adsorbents in response to an AF challenge on AF fecal and urine 
excretion, blood metabolites, milk composition, and health of mid-lactation Holstein cows. We 
hypothesized that feeding a yeast cell wall and clay-based adsorbent would decrease AF 
concentrations in milk while maintaining healthy, productive cows during an AF challenge.  
In previous studies, offering adsorbents to cows challenged with AF has shown mixed 
results regarding production variables. Sulzberger et al. (2017) reported a negative linear 
response for milk yield with increasing clay concentrations in AF challenged cows. These 
researchers reported a quadratic difference in DMI with the greatest intake at a moderate clay 
supplementation and the lowest intake with the greatest clay supplementation level. The 
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negative implications on production variables were hypothesized to be related to the metabolism 
of AF by the cow; however, no specific mechanism of action was discussed. Several studies 
have shown no negative impacts on production variables such as DMI, milk yield, and FCM for 
cows fed adsorbents during an AF challenge (Kutz et al., 2009; Queiroz et al., 2012; Xiong et 
al., 2015). In the present study, no differences were observed for DMI, milk yield, or feed 
efficiency; indicating that the inclusion of yeast and clay-based adsorbents neither hindered nor 
improved cow production variables. 
Bentonite and yeast-based adsorbents in varying forms and concentrations have been 
shown to decrease AF transfer and excretion from feed to milk (Kutz et al., 2009; Kissell et al., 
2013; Barrientos-Velazquez et al., 2016; Maki et al., 2016). Sulzberger et al. (2017) examined 
the effects of a clay-based adsorbent and reported that it reduced AF concentrations in milk and 
feces of AF challenged cows. Xiong et al. (2015) examined a sequestering agent composed of a 
mixture of sodium montmorillonite with live yeast, yeast culture, mannan oligosaccharide, and 
vitamin E and reported decreased transfer of AF to milk with no changes in lactation 
performance, and improved oxidative status. In the present study, AFM1 transfer and excretion 
into milk was not different among treatments; however, alterations in the blood profile chemistry 
and greater levels of AF in feces indicated some level of adsorbent effect.  
A treatment by day interaction was observed for AFM1 concentrations in milk (Fig. 3.2). 
Aflatoxin M1 concentrations in milk did not reach a steady state throughout the sampling time 
frame. Aflatoxin M1 concentrations increased over time but did not reach any sort of plateau. 
This is not an unusual finding due to the short sampling window (5 d). A steady-state condition 
has been shown at approximately 9 d post-AF administration (Battacone et al., 2003). Had the 
present study sampling window been longer term, AFM1 concentrations may have reached some 
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degree of stability and thus may have induced altered metabolic responses. In the present study, 
treatments were not effective at reducing the AF concentration, transfer, or excretion into milk.  
Moschini et al. (2008) performed an in vitro study using rumen fluid from lactating cows 
to examine the sequestering capacity of an aluminosilicate versus a yeast cell wall derivate. They 
reported a higher sequestering capacity of two aluminosilicate adsorbents compared to the yeast 
cell wall derivative with 870 g/kg, 980 g/kg, and 340 g/kg of the AFB1 sequestered, respectively. 
However, they also performed an in vivo study using the same sequestering agents and found a 
similar or lower excretion and recovery rate than the two aluminosilicate adsorbents. Similarly, 
Kutz et al. (2009) reported a greater AFM1 excretion and transfer percentage for cows given a 
yeast cell wall adsorbent compared to hydrated sodium calcium aluminosilicate based adsorbents 
(62.98 versus 36.99 and 35.47 ± 3.93 µg/d; and 25.20 versus 14.80 and 14.20 ± 01.60 g/kg, 
respectively). Hydrated sodium calcium aluminosilicates are thought to bind AF at an interstitial 
interlayer binding location, making them unavailable for absorption by the body (Kutz et al., 
2009). However, the mechanism for yeast cell wall as an adsorbent is less well defined.  
Diaz et al. (2004) examined the effectiveness of six different sequestering agents when 
fed to lactating dairy cows including an activated carbon, 3 different sodium bentonites, an 
esterified glucomannan, and a calcium bentonite. All sequestering agents significantly reduced 
AFM1 levels in milk compared to a control treatment except for the activated carbon. The 
sodium bentonite adsorbents were particularly successful as they reduced AFM1 milk 
contamination by up to 650 g/kg compared to 590 g/kg and 310 g/kg for the esterified 
glucomannan and the calcium bentonite treatments, respectively. Results vary in the literature, 
especially regarding in vitro versus in vivo experiments, inclusion rates of adsorbents, and 
animal species differences; however, the utilization of sequestering agents is generally widely 
114 
 
accepted as a way to combat the biologically negative effects of AF in animal diets (Moschini et 
al., 2008). 
In the present study, a quadratic tendency for fecal AFB1 was observed for the POS, P30, 
and P60 treatments with the P30 treatment showing a greater concentration of AFB1 in the feces. 
Alternatively, Sulzberger et al. (2017) reported a linear decrease for fecal AFB1 in clay-treated 
cows compared to positive control cows. The authors postulated that the high affinity of clay for 
AF could explain why they were unable to detect as much unaltered AFB1 in the feces as clay 
concentration in the diet increased. These authors used a 100 g/kg clay-based top dress; whereas, 
in the present study the adsorbents used contained a lower inclusion rate of clay. The lower 
concentration of clay in the P30 and P60 treatments compared to Sulzberger et al. (2017) could 
explain why there was a greater detection of AFB1. Furthermore, the presence of more AF in the 
feces from cows in P30 compared to cows in the other treatments suggested that P30 may be less 
effective at binding and removing AF from the digestive system since bound AF cannot be 
detected analytically (Phillips et al., 1988). Therefore it is reasonable to assume that a greater 
amount of AF was absorbed across the intestinal wall and into the bloodstream for cows in the 
P30 treatment. Aflatoxin B1 concentrations in feces were similar for all treatments on d 22 but 
by d 24, cows in CON had lower concentration of AFB1 compared to the other treatments (Fig. 
3.4). It is worth noting that the lower detection limit for fecal AFB1 was 10 µg/kg therefore all 
treatments were below this threshold on d 22. By d 24, only cows in POS, P30, and PROT had 
concentrations above the lower detection limit and differed from cows in CON. No AF was 
detected in any of the TMR samples analyzed, therefore it is safe to assume that no ascertainable 
amount of AF was present in the feces of any treatment, including CON on d 22 prior to AF 
challenge. 
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Similar to the present study, Sulzberger et al. (2017) reported a tendency for decreased 
serum SOD concentrations in cows fed a clay adsorbent during an AF challenge. Lower serum 
SOD concentrations could indicate reduced oxidative stress and improved cellular function in 
cattle (Bernabucci et al., 2002; Yuan et al., 2012). Superoxide dismutases are enzymes that are 
involved in the antioxidant system and are Mn-, Cu-, and Zn dependent (Machado et al., 2014). 
It could be postulated that as AF was introduced to the system, cows underwent a greater degree 
of oxidative stress due to the increased SOD concentrations in the POS cows compared to the 
CON cows and the lower SOD concentrations in the P60 treatment.  
Cows in P30 had greater serum ALP concentrations than cows in POS and P60. When 
examining the ALP response by day, cows in P30 had greater serum concentrations on d 22; 
however, all treatments had similar concentrations by d 26 (Fig. 3.1). Serum alkaline 
phosphatase concentrations appear to have increased for cows in CON; however, this was not 
statistically different. Similarly, Sulzberger et al. (2017) reported a linear tendency for increased 
serum ALP in cows treated with a clay adsorbent. Alkaline phosphatases are known to play an 
important role in maintaining gut immune health in many different species (Bentala et al., 2002; 
Beumer et al., 2003; Vaishnava and Hooper, 2007;). Beumer et al. (2003) examined ALP 
response to a lipopolysaccharide (LPS) sepsis challenge on mice and piglets and reported that 
mice injected with a lethal dose of Escherichia coli and a therapeutic dose of ALP had a 
significantly reduced mortality rate compared to control mice. Furthermore, these authors 
examined the effects of mild and severe inflammation during an LPS challenge in piglets and 
reported that ALP administration reduced inflammation in both the mild and severe cases of LPS 
toxicity in these piglets. In the present study, the greater ALP concentrations in the P30 versus 
the POS and P60 treatments could indicate an immune response in the P30 treated cows. Similar 
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to the LPS challenge, greater AF presence in the gut of cows in P30 may have induced an 
immune response in AF challenged cows within this treatment. According to Fawley and 
Gourlay (2016), two of the main roles associated with ALP in the gut are the mitigation of 
intestinal inflammation through detoxification of pathogen-associated molecular patterns and 
regulation of the gut microbiome. Along with the greater amount of AF in the feces of cows in 
P30, it can be speculated that these cows were experiencing greater aflatoxin in the bloodstream 
and liver, and thus a more intense degree of metabolic stress than cows in the other treatments. 
The absorbed AF probably triggered an immune response which accounted for the greater serum 
ALP in these cows. It stands to reason that the two aforementioned above mentioned 
mechanisms are likely the responses that triggered the greater ALP response in cows in P30.  
Some of the major energetic fuels for dairy cows are glucose and NEFA (Ingvartsen and 
Moyes, 2013). Generally speaking, glucose has a stimulatory effect on immunity and fatty acids 
(such as NEFA), and though less understood, could have either an inhibitory or a stimulatory 
effect on immunity (Ingvartsen and Moyes, 2013). Healthy cows in positive energy balance have 
blood NEFA levels less than 0.2 mEq/L (Drackley, 1999). In the present study, blood NEFA 
concentrations never exceeded 0.082 mEq/L, indicating all cows remained in positive energy 
status. Since cows in the present study were in mid- to late-lactation, this result is not surprising. 
Serum NEFA showed slightly greater concentrations for the average of the P60 and PROT 
treatments when compared to the POS treatment, although the difference was almost negligible. 
Traditionally, elevated serum NEFA levels have been associated with immunosuppression due to 
the tight association of NEFA with diseases such as ketosis. However, the exact mechanism of 
NEFA during immune challenges such as during exposure to AF is not well understood 
(Ingvartsen and Moyes, 2013). A slight elevation in serum NEFA for treated cows versus POS 
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cows may not necessarily indicate alterations in immune function. Glucose is the preferred 
metabolic fuel for phagocytic (macrophages and polymorphonuclear cells) cells during 
inflammation (Pithon-Curi et al., 2004). Moyes et al. (2009) demonstrated an increase in serum 
glucose concentrations after an intra-mammary challenge with Streptococcus uberis. They 
reported that this increase in glucose was affiliated with either heightened hepatic 
gluconeogenesis or decreased uptake of glucose by peripheral tissues, thus increasing the glucose 
available for phagocytic cells during infection. In the present study, a linear decrease in serum 
glucose concentrations was observed for the POS, P30, and P60 treatments, respectively. These 
results could indicate a potential decrease in inflammation with increasing amount of dietary 
adsorbent. Less glucose would be needed for the P30 and P60 cows if a lessened inflammatory 
response was observed for these cows compared to the POS cows.  
 
CONCLUSIONS 
The addition of a yeast and bentonite clay-based adsorbent to the diet of cows receiving an AF 
challenge altered blood metabolites and tended to decrease the presence of AFB1 in the feces. 
The adsorbent neither hindered nor improved cow feed intake, milk production, or efficiency 
when challenged with AF. No differences in AF transfer or excretion in milk were observed, 
however, alterations in the blood chemistry profile and fecal AF concentrations indicated some 
degree of physiological adaptation and immune response to dietary adsorbents during an AF 
challenge.  
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TABLES AND FIGURES 
 
Table 3.1. Ingredient composition of the lactation diet fed to cows 
with no adsorbent (POS), 30 g/d adsorbent (P30), 60 g/d adsorbent 
(P60), 60 g/d of a prototype adsorbent (PROT), and negative control 
(CON) treatments throughout an AF challenge study. 
Ingredient  g/kg of DM 
Alfalfa hay 79.5 
Corn silage 325.2 
Alfalfa silage 72.7 
Wet brewers grain 74.2 
Dry ground corn grain 211.2 
Soy hulls 102.2 
Soybean meal 38.6 
Expeller soybean meal1 32.4 
Molasses, sugarbeet 20.1 
Limestone 0.9 
Dicalcium phosphate 10.0 
Bypass fat2 18.4 
Biotin 3.4 
Sodium bicarbonate 8.4 
Salt (plain) 0.4 
Mineral and vitamin mix3 2.4 
Abbreviations: AF: aflatoxin. 
¹ SoyPlus® (West Central, Ralston, IA). 
2 Energy Booster 100® (Milk Specialties Global, Paris, IL). 
3 Mineral and vitamin mix was formulated with 50 g/kg Mg, 100 g/kg S, 
75.0 g/kg K, 20.0 g/kg Fe, 30.0 g/kg Zn, 30.0 g/kg Mn, 5,000 mg/kg of 
Cu, 250 mg/kg of I, 40 mg/kg of Co, 150 mg/kg of Se, 2,200 kIU/kg of 
vitamin A, 660 kIU/kg of vitamin D3, and 7,700 IU/kg of vitamin E. 
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Table 3.2. Mean chemical composition (g/kg of DM unless otherwise noted) and associated 
standard deviations for diets fed to cows with no adsorbent (POS), 30 g/d adsorbent (P30), 60 
g/d adsorbent (P60), 60 g/d of a prototype adsorbent (PROT), and negative control (CON) 
treatments throughout an AF challenge study. 
Item Value     SD1 
DM 480 7.8 
CP 15.8 3.5 
ADF 240 7.8 
NDF 342 12.0 
Lignin 36.2 0.70 
Starch 235 21.9 
Crude fat 52.5 0.70 
Ash 79.9 3.50 
ME, Mcal/kg of DM2 5.41 7.10 
NEL, Mcal/kg of DM2 0.77 0.01 
Ca 13.6 1.90 
P 4.0 0.10 
Mg 2.0 0.10 
K 12.9 0.40 
Na 2.4 0.10 
S 2.2 0.10 
Fe, mg/kg 480 41.01 
Zn, mg/kg 87.3 4.95 
Cu, mg/kg 17.0 1.41 
Mn, mg/kg 97.0 2.83 
Mo, mg/kg 1.25 0.21 
Abbreviations: ADF, acid detergent fiber; AF, aflatoxin; Ca, calcium; CON, control; CP, crude protein; 
Cu, copper;  DM, dry matter; Fe, iron; K, potassium; ME, metabolizable energy; Mg, magnesium; Mn, 
manganese; Mo, molybdenum; Na, sodium; NEL, net energy of lactation; NDF, neutral detergent fiber; 
NRC, National Research Council; P, phosphorous; S, sulfur; Zn, zinc. 
1 Maximum SD between all samples. 
2NRC (2001). 
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Table 3.3. Least squares means and associated SEM for dry matter intake (DMI) body weight (BW), body condition score (BCS), 
production parameters, and blood composition response of Holstein cows without adsorbent (POS), 30 g/d adsorbent (P30), 60 g/d 
adsorbent (P60), 60 g/d of a prototype adsorbent (PROT), and negative control (CON) treatments throughout experimental period. 
 Treatment¹ 
 
P-value 
 CON POS P30 P60 PROT SEM Contrasts
2 Linear Quad 
1 2 Trt Trt 
DMI, kg/d 23.8 23.1 23.3 23.4 23.5 0.8 0.49 0.93 0.75 0.99 
BW, kg 710 699 711 707 710 6.5 0.22 0.74 0.39 0.28 
DMI/BW, g/kg 34.1 33.9 32.8 33.7 33.3 1.7 0.95 0.87 0.91 0.62 
BCS, (1-5)  3.15 3.25 3.29 3.24 3.21 0.06 0.22 0.69 0.93 0.54 
Milk           
   Milk yield, kg/d 32.1 32.3 35.0 32.1 33.7 2.03 0.95 0.57 0.95 0.24 
35.0 g/kg FCM, 
kg/d3 296 282 307 297 311 26.3 0.69 0.69 0.68 0.57 
   ECM, kg/d4 29.9 28.8 31.4 30.0 31.4 2.5 0.74 0.69 0.72 0.50 
AFM1 Snap5 0.00 7.85 8.16 8.21 8.54 0.27 <0.001 0.35 0.33 0.69 
Milk yield discarded, 
kg/d6 86.2 197.1 213.3 203.0 223.5 11.0 <0.001 0.17 0.69 0.31 
Milk composition           
   Fat, g/kg 32.8 30.9 30.1 32.0 31.6 1.5 0.37 0.81 0.58 0.46 
   Fat, kg/d 0.98 0.90 0.95 0.97 0.99 0.10 0.53 0.92 0.55 0.88 
   Protein, g/kg 32.5 32.0 31.0 32.3 30.4 1.0 0.71 0.16 0.85 0.33 
   Protein, kg/d 1.00 0.99 1.09 1.00 1.04 0.07 0.98 0.69 0.92 0.28 
   Lactose, g/kg 46.3 46.8 47.4 46.8 47.7 1.2 0.76 0.55 0.99 0.65 
   Lactose, kg/d 1.50 1.49 1.69 1.52 1.67 0.14 0.94 0.45 0.85 0.27 
   MUN7, mg/dL 11.5 11.7 11.2 11.4 10.6 0.48 0.69 0.26 0.60 0.52 
   SCC8 × 1,000 /mL 141 138 113 93 100 97 0.36 0.91 0.67 0.36 
   3.5g/kg FCM/DMI, 
     kg/kg 1.21 1.21 1.30 1.22 1.34 0.09 0.99 0.32 0.93 0.44 
   ECM/DMI, kg/kg 1.22 1.24 1.33 1.24 1.35 0.80 0.89 0.30 1.00 0.35 
   Milk/DMI, kg/kg 1.30 1.36 1.49 1.35 1.49 0.08 0.55 0.21 0.92 0.19 
Blood metabolites           
   Glucose, mg/dL 59.6 71.2 65.5 63.3 64.3 2.3 0.001 0.74 0.02 0.52 
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Table 3.3. (Cont.)     
 Treatment¹ 
 
P-value 
 CON POS P30 P60 PROT SEM Contrasts
2 Linear Quad 
1 2 Trt Trt 
   NEFA, mEq/L   0.080 0.078 0.080 0.077 0.082 0.002 0.37 0.04 0.72 0.29 
Alkaline 
phosphatase total, 
U/L       
39.1 38.1 47.2 37.7 37.5 3.9 0.84 0.96 0.95 0.05 
   Albumin, g/dL 3.50 3.52 3.50 3.51 3.54 0.05 0.76 0.67 0.85 0.75 
   SOD9, U/mL 1.96 2.77 1.99 1.97 2.03 0.05 <0.001 0.34 <0.001 <0.001 
Abbreviations: AFM1, aflatoxin M1; BCS, body condition score; BW, body weight; DMI, dry matter intake; ECM, energy-corrected milk; 
FCM, fat-corrected milk; MUN, milk urea nitrogen; NEFA, nonesterified fatty acids; SCC, somatic cell count; SOD, superoxide dismutase. 
¹Dietary treatments were positive control diet [POS, without adsorbent and with AF challenge], 30 g/d adsorbent (P30), 60 g/d 
adsorbent (P60), 60 g/d of a prototype adsorbent (PROT), and negative control diet (CON; without adsorbent and no AF challenge). 
Top dress vehicle was 300 g of ground corn. Aflatoxin challenge: 100 µg AF/kg DMI of spiked corn, based on average DMI of the last 
3 days previous to the challenge.  
2Contrasts were 1 = POS (0 g adsorbent + AF challenge) compared with CON; 2 = POS (0 g adsorbent + AF challenge) compared with 
the average of the two 60 g/d treatments (adsorbent or prototype). Linear and quadratic effects of treatments POS (0 g adsorbent), 30 or 
60 g/d adsorbent. 
335.0 g/kg FCM = [(0.4255 × milk yield) + (16.425 × milk fat yield)]  
4ECM = [(12.82 × milk fat yield) + (7.13 × milk protein yield) + (0.323 × milk yield)] 
5Number of milkings with a positive snap test. 
6Total amount of milk dumped during the challenge week. 
7Milk urea nitrogen. 
8Somatic cell count. 
9Superoxide dismutase. One unit (U) is defined as the amount of enzyme needed to exhibit 50 g/kg dismutation of the superoxide 
radical. 
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Table 3.4. Least squares means and associated SEM for AF concentration found in milk, urine, and feces of Holstein cows 
without adsorbent (POS), 30 g/d adsorbent (P30), 60 g/d adsorbent (P60), 60 g/d of a prototype adsorbent (PROT), and 
negative control (CON) treatments throughout the experimental period.  
 Treatment¹ 
 
P-value 
 CON POS P30 P60 PROT SEM Contrasts
2 Linear Quad 
1 2 Trt Trt 
Milk AFM1, µg/kg3 0.00 0.76 0.88 0.78 0.90  0.06 <0.001 0.16 0.80 0.17 
Milk AFM1 d 24, µg/kg4 0.00 0.85 1.06 1.00 1.17 0.09 <0.001 0.17 0.25 0.23 
AFM1 Excretion, µg/d5 0.00 29.5 36.4 31.6 41.6 4.6 <0.001 0.11 0.74 0.30 
AFM1 Transfer, g/kg6 0.00 11.4 14.3 12.2 14.8 1.6 <0.001 0.23 0.70 0.19 
Urine, AFM1, µg/kg7 0.33 8.05 8.75 7.64 8.62 1.00 <0.001 0.46 0.76 0.47 
Feces, AFB1 , µg/kg7,8 2.31 6.78 8.55 5.07 7.04 1.17 0.005 0.20 0.30 0.08 
Abbreviations: AF, aflatoxin; AFM1, aflatoxin M1; AFB1, aflatoxin B1. 
1Dietary treatments were positive control diet [POS, without adsorbent and with AF challenge], 30 g/d adsorbent (P30), 60 g/d 
adsorbent (P60), 60 g/d of a prototype adsorbent (PROT), and negative control diet (CON; without adsorbent and no AF 
challenge). Top dress vehicle was 300 g of ground corn. AF challenge: 100 µg AF/kg DMI of spiked corn, based on average 
DMI of the last 3 days previous to the challenge. 
2 Contrasts were 1 = POS (0 g adsorbent + AF challenge) compared with CON; 2 = POS (0 g adsorbent + AF challenge) 
compared with the average of the two 60 g/d treatments (adsorbent or prototype). Linear and quadratic effects of treatments 
POS (0 g adsorbent), 30 or 60 g/d adsorbent. 
3 Samples that were analyzed were collected on d 22, 23, 24, and 25 of each period.  
4 Samples that were analyzed were collected on d 24 for all periods. 
5 AFM1 Excretion = AFM1 (µg/kg) concentration in milk d 24 × milk yield d 24 (kg/d). Average d 24 treatment milk yields for 
used for calculation were 1 = 32.48 ± 10.91, 2 = 32.46 ± 11.63, 3 = 32.63 ± 12.04, 4 = 32.15 ± 10.69, and 5 = 35.33 ± 12.62 kg. 
6 AFM1 Transfer = (AFM1 excretion, µg/kg, / AF intake, µg/kg) × 100 
7 Samples that were analyzed were collected on d 22 and 24 of each period.  
8 Fecal sample values reflect the amount of free AF found in feces. Aflatoxin bound to clay in the feces cannot be recovered 
therefore values do not represent total amount of excreted AF.
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Fig. 3.1. Least squares means and associated SEM for serum alkaline phosphatase 
response of Holstein cows challenged with aflatoxin without adsorbent (POS), 30 g/d 
adsorbent (P30), 60 g/d adsorbent (P60), 60 g/d of a prototype adsorbent (PROT), and 
negative control (CON) treatments on d 22 and 26 of experimental period. Treatment × 
day: P = 0.03; treatment: P = 0.32; day: P = 0.79.
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Fig. 3.2. Least squares means and associated SEM for milk AFM1 response of Holstein 
cows challenged with aflatoxin without adsorbent (POS), 30 g/d adsorbent (P30), 60 
g/d adsorbent (P60), 60 g/d of a prototype adsorbent (PROT), and negative control 
(CON) treatments on d 22, 23, 24, and 25 of experimental period. Treatment × day: P < 
0.0001; treatment: P = < 0.0001; day: P = < 0.0001.
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Fig. 3.3. Least squares means and associated SEM for urine AFM1 response of Holstein 
cows challenged with aflatoxin without adsorbent (POS), 30 g/d adsorbent (P30), 60 
g/d adsorbent (P60), 60 g/d of a prototype adsorbent (PROT), and negative control 
(CON) treatments on d 22 and 24 of experimental period. Treatment × day: P < 0.0001; 
treatment: P = < 0.0001; day: P = < 0.0001.
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Fig. 3.4. Least squares means and associated SEM for fecal AFB1 response of Holstein 
cows challenged with aflatoxin without adsorbent (POS), 30 g/d adsorbent (P30), 60 
g/d adsorbent (P60), 60 g/d of a prototype adsorbent (PROT), and negative control 
(CON) treatments on d 22 and 24 of experimental period. Treatment × day: P = 0.0019; 
treatment: P = 0.0018; day: P = < 0.0001.  
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CHAPTER IV 
 
 
 
 
 
 
 
 
IMPROVEMENTS OF IN SITU DEGRADABILITY OF GRASS HAY, WET BREWER’S 
GRAINS, AND SOYBEAN MEAL WITH ADDITION OF CLAY IN THE DIET OF 
HOLSTEIN COWS 
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INTRODUCTION 
Clay-based feed additives have been examined as tools for combating the negative impacts of 
both aflatoxin (AF) contaminated feedstuffs as well as subacute ruminal acidosis (SARA) on the 
rumen environment (Sulzberger et al., 2016; Sulzberger et al., 2017). In order to meet the energy 
demands of lactation, a high inclusion rate of concentrates in the diet of lactating dairy cows has 
become common practice (Eastridge, 2006). However, increasing the concentrate-to-forage ratio 
too much can subsequently drop rumen pH below a healthy threshold and leave the cow 
susceptible to SARA (Shaver et al., 2000). Similarly, drastic or prolonged alterations in rumen 
pH can change the microbial population which can ultimately alter digestibility (Gao and Oba, 
2016). The use of feed additives such as buffers is a common practice to alleviate the negative 
impacts of decreased rumen pH (Cruywagen et al., 2015). One such feed additive, bentonite clay, 
has a high capacity for H+ exchange at different pH ranges and thus acts to alkalinize the rumen 
during incidences of SARA (Yong et al., 1990). Because of its detoxification properties, clays 
have been used in many species over the years as a medicinal substance (Wilson, 2003). The 
deliberate consumption of clay in order to detoxify or alleviate negative gastrointestinal issues is 
termed geophagy (Wilson, 2003). Geophagy has been observed in humans, monkeys, cattle, 
birds, and rats in order to combat gastrointestinal upset, diarrhea, arthritis, and stress (Trckova et 
al., 2004).  
When consumed by dairy cows, an AF derivative (AFB1) is converted to aflatoxin M1 
(AFM1) and is commonly considered a toxic carcinogen (IARC, 2002). Low concentrations of 
ingested AFM1 can be secreted into milk making it a food safety risk (Kutz et al., 2009; 
Sulzberger et al., 2017). Bentonite clay has been reported to contain the capacity to absorb heavy 
metals, bacteria, and toxic agents such as AF (Trckova et al., 2004). Specifically, phyllosilicates 
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(including bentonite) consists of 4 oxygen atoms and a silicon ion that form a tetrahedral 
configuration (Di Gregorio et al., 2014). This structure allows for internal absorption of mono- 
and divalent ions, which includes AF but also many essential mineral nutrients (Di Gregorio et 
al., 2014). Due to its great binding affinity, clays pose a potential risk for interacting with critical 
nutrients (Phillips, 1999). Chung et al. (1990) reported a reduction in zinc utilization with the 
addition of 0.5 or 1 g/100g dietary clay fed to chicks. Similarly, Gowda et al. (2007) observed a 
marked decrease in the apparent gut absorption of copper, zinc, iron, and manganese for sheep 
fed 5 g/kg of the diet as clay; therefore, supplementation of trace minerals in diets including clay 
was suggested. Thus, it is important to understand the potential effects clays have on the 
degradability of feedstuffs commonly fed to lactating ruminants. 
The use of in situ digestion methods has long been considered an effective way of evaluating 
the nutritive adequacy of feedstuffs for dairy cows (Nocek, 1988). Techniques have been heavily 
researched over the years to develop a standard procedure for comparison of in situ digestion that 
helps explain what happens to the diverse rumen ecology during digestion (Vanzant et al., 1998). 
Because of the possible effects of clay on rumen environment discussed above, understanding 
the effects of clay in the diet of the animal on in situ feedstuff digestibility is an important step in 
understanding the mechanisms within the rumen environment. Therefore, the objective of this 
study was to determine the ruminal degradability of 6 different feedstuffs including alfalfa hay, 
grass hay, wet brewer’s grains, ground corn, corn silage, and soybean meal in response to 3 
concentrations of dietary clay fed to rumen-cannulated lactating dairy cows. We hypothesized 
that based on the potential for clay to alter the rumen environment, the addition of clay to the diet 
of lactating cows would alter the degradability of feedstuffs commonly fed to dairy cows.  
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MATERIALS AND METHODS 
Animals and treatments 
All experimental procedures were approved by the University of Illinois (Urbana-
Champaign, IL, USA) Institutional Animal Care and Use Committee. Three rumen-cannulated 
Holstein cows (217 ± 47 days in milk; milk yield: 17.6 ± 9 kg/day) in their second or greater 
lactation were housed in tie-stall barns with individual feed bunks and fed the same TMR ad 
libitum to meet NRC requirements (Tables 4.1 and 4.2). Cows were assigned to 1 of 3 treatments 
in a 3 × 3 Latin square design for 3 21-d periods. Cows were fed at 1400 h and were milked three 
times daily at 700, 1400, 2200 h.  The 6 feeds used for degradability analysis were: alfalfa hay 
(AH), grass hay (GH), corn silage (CS), ground corn (GC), wet brewer’s grain (WBG), and 
soybean meal (SBM). Chemical composition of each feed ingredient can be found in Table 4.3. 
Treatments were: TMR without clay (EcoMix®, UMG, Ukraine; CON), or TMR with either 10 
g/kg (10 g/kg) or 20 g/kg (20 g/kg) dietary DMI addition of clay to the TMR as a topdress per 
the manufacturers’ recommendations. Each treatment (including CON) was mixed with 500 g of 
ground corn and top-dressed at feeding. Cows readily consumed all topdress applications. 
Sampling and bag preparation 
Feed samples were dried in a forced-air oven at 55°C for 72 h for initial determination of 
DM (AOAC, 1995a). Alfalfa hay and GH were ground to fit through a 1-mm screen in a 
Thomas-Wiley laboratory mill (Arthur H. Thomas, Philadelphia, PA). Once ground, samples 
were dried in a forced air oven at 110°C for 24 h for chemical analysis. Polyester forage bags 
(Dacron, Ankom Technology, Macedon, NY, USA) measuring 10 × 20 cm with a 50-µm pore 
size were used in this study. Bags were filled with 8 g of DM to achieve a 20 mg/cm2 of DM 
feed to surface area ratio. Bags were filled with dried and ground AH or GH; and dried, 
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unground CS, GC, WBG, or SBM. Corn silage was left unground to more closely mimic CS as it 
is presented to dairy cows. Each bag was heat sealed twice to ensure no feed particles escaped. 
Bags (n = 3 replicates per feedstuff) were placed into large mesh garment bags to prevent the 
loss of bags in the gastrointestinal tract. Each mesh garment bag filled with polyester bags were 
soaked in warm water (45ºC) and placed into the ventral portion of the rumen. Bags were 
removed, noting their identifications at 0, 4, 8, 12, 24, 48, 72, 96 h post insertion and were 
immediately placed in ice water to stop fermentation. Care was taken to minimize air exposure 
that could interfere with proper fermentation, and remaining bags were placed back into the 
ventral rumen. Bags were hand rinsed in cold running water until the water was clear, then bags 
were immediately frozen (−20ºC) for at least 24 h. After freezing, the bags were thawed and 
rinsed on a rinse cycle of a washing machine (Roper RTW4641BQ1,Whirlpool Corp., Benton 
Harbor, MI, USA) 2 times to reduce microbial content. Bags were dried for 24 h at 110°C to 
calculate nutrient of disappearance. 
Chemical analysis 
Three replicates of each time point from each treatment were combined to make a 
composite sample per cow and were sent to a commercial laboratory (Rock River Lab, 
Watertown, WI, USA) for analysis via wet chemistry methods (Schalla et al., 2012). The 
samples were analyzed for neutral detergent fiber (aNDF), acid detergent fiber (ADF), crude 
protein (CP), starch, and DM content. The aNDF was analyzed using sulfite and alpha amylase 
along with a pre-mixed neutral detergent solution (Goering and Van Soest, 1970), and expressed 
inclusive of residual ash. The ADF was analyzed using the Ankom200 fiber analyzer (Ankom 
Technology, Fairport, NY, USA) and expressed inclusive of residual ash. The CP content of the 
samples was measured using the combustion method (976.06) to determine N content and then 
137 
 
multiplying the N content by 6.25 (AOAC, 1995b). Starch was measured using alpha amylase, 
amyloglucosidase, and sodium acetate buffer by the procedure described by Hall and Mertens 
(2008). Grass hay, WBG, and CS samples were analyzed for fatty acid composition using a 
modification of the method developed by Sukhija and Palmquist (1988) as described by Lock et 
al., (2013). Briefly, dried, ground samples were weighed to yield ~10 to 50 mg of FA, and cis-10 
C17:1 (1:1 mg/mL acetone) was added as the internal standard. Samples were dissolved in 
toluene at twice the volume of the internal standard in acetone solution (2:1 mL/mL). A 5% 
methanolic sulfuric acid solution was added at two-thirds the sample volume and samples were 
incubated overnight at 50°C. Once at room temperature, samples were neutralized with twice 
their volume using a 5% aqueous sodium chloride solution and fatty acid methyl esters extracted 
using n-hexane. The solvent layer was washed with a 6% aqueous potassium bicarbonate 
solution and dried over anhydrous sodium sulfate. The fatty acid methyl esters were filtered 
through silica gel and charcoal, solvents removed under nitrogen flux at 37°C, the fatty acid 
methyl esters weighed, and a 1% solution with n-hexane prepared on a weight basis, which was 
used for GLC analysis Lock et al., (2013). 
Statistical analysis 
Statistical analysis was performed using the MIXED procedure of SAS (v9.4 Institute 
Inc., Cary, NC). A non-linear model was created and analyzed using the NLIN procedure of SAS 
based on the subdividing of feed in which the sum of the soluble feed (A), digestible feed (B), 
and undigested feed (C) was equal to 1. Nutrient disappearance data from the bags was used to 
fit a nonlinear function to model digestion. Lag was excluded from the parameters in order to 
meet convergence criteria. If all convergence criteria were met, a dataset was created for results 
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including soluble (SF), digestible (D), and undigested (U) fractions; and fractional digestion rate 
(Kd) using the following model: Y = 	B%&'()	(+)	- + / 
Where A = soluble fraction (1 – B – C), B = digestible fraction, C = insoluble fraction, and Kd = 
fractional degradation rate of fraction B at time t (McDonald, 1981). Effective degradability 
(ED) was calculated using the following model (McDonald, 1981): 
ED = 	A	 + 	B	( 3434 +	35	) 
Although the rate of passage from the rumen (Kp) is affected by many factors [feeding intake, 
diet composition, feed particle size, and moisture in feeds (Krizsan et al., 2010)], a value of 0.06 
was assumed to estimate ED for all feedstuffs in the present experiment. Analysis included a 
linear mixed model that was created to measure treatment effects. Linear and quadratic contrasts 
were used to examine treatment effects of clay on digestion. Residual distribution was evaluated 
for normality using the UNIVARIATE procedure in SAS. 
 
RESULTS 
Wet chemistry digestibility kinetics  
Grass hay DM soluble fraction was greatest for the 10 g/kg treatment compared to CON 
and 20 g/kg with an average of 0.17, 0.14, and 0.12 ± 0.05 g/100g of DM, respectively (P = 0.03, 
quadratic; Table 4.4). Grass hay DM fractional rate of digestion (Kd) was lowest for the 10 g/kg 
treatment compared to CON and 20 g/kg with an average of 0.015, 0.026, and 0.022 ± 0.003 h-1, 
respectively (P = 0.02, quadratic; Table 4.4). Wet brewer’s grain DM digestible fraction 
increased linearly with the addition of clay in the diet with 0.59, 0.66, and 0.76 ± 0.06 g/100g of 
DM for the CON, 10 g/kg and 20 g/kg treatments, respectively (P = 0.04; Table 4.4). Wet 
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brewer’s grain DM ED decreased linearly with the addition of clay in the diet with 0.44, 0.41, 
and 0.31 ± 0.11 g/100g of DM for the CON, 10 g/kg and 20 g/kg treatments, respectively (P = 
0.02; Table 4.4). Soybean meal DM soluble fraction was greatest for the 10 g/kg treatment 
compared to CON and 20 g/kg with an average of 0.34, 0.26, and 0.15 ± 0.05 g/100g of DM, 
respectively (P = 0.04, quadratic; Table 4.4). Soybean meal DM undigested fraction was lowest 
for the 10 g/kg treatment compared to CON and 20 g/kg with an average of 0.02, 0.09, and 0.11 
± 0.04 g/100g of DM, respectively (P = 0.02, quadratic; Table 4.4). Soybean meal DM ED was 
greatest for the 10 g/kg treatment compared to CON and 20 g/kg with an average of 0.57, 0.48, 
and 0.39 ± 0.03, respectively (P = 0.002, quadratic; Table 4.4). All other degradability 
measurements for AH, GH, WBG, GC, CS, and SBM DM, aNDF, ADF, starch, and CP were 
non-significant; and LSM and SEM for all treatments can be found in Appendix I to VI.  
Fatty acid digestibility kinetics  
Grass hay digestible SFA increased linearly with 0.34, 0.78, and 0.91 ± 0.12 g/100g of 
DM for CON, 10 g/kg, and 20 g/kg, respectively (P = 0.02; Table 4.5). Grass hay undigested 
SFA decreased linearly with 0.60, 0.19, and 0.00 ± 0.12 g/100g of DM for CON, 10 g/kg, and 20 
g/kg, respectively (P = 0.02; Table 4.5). Grass hay SFA Kd decreased linearly with 0.07, 0.03, 
and 0.01 ± 0.02 h-1 for CON, 10 g/kg, and 20 g/kg, respectively (P = 0.04; Table 4.5). Grass hay 
soluble MUFA was greater for the CON and 20 g/kg treatments than for the 10 g/kg treatment 
with 0.12, 0.13 and 0.10 ± 0.01 g/100g of DM, respectively (P = 0.02; Table 4.5). Grass hay 
MUFA Kd was greater for the CON and 20 g/kg treatments than the 10 g/kg treatment with 0.20, 
0.18, and 0.14 ± 0.02 h-1, respectively (P = 0.05; Table 4.5). Wet brewer’s grain soluble SFA 
decreased linearly with 0.08, 0.04, and 0.03 ± 0.02 g/100g of DM for CON, 10 g/kg, and 20 
g/kg, respectively (P = 0.01; Table 4.5). Wet brewer’s grain MUFA Kd was greater for CON and 
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20 g/kg than 10 g/kg with 0.04, 0.05, and 0.02 ± 0.001 h-1, respectively (P < 0.001; Table 4.5). 
Corn silage digestible TFA was greater for the CON and 20 g/kg treatments than the 10 g/kg 
treatment with 0.73, 0.33, and 0.45 ± 0.15 g/100g of DM, respectively (P = 0.02; Table 4.5). 
Corn Silage TFA Kd was greatest for the 10 g/kg treatment compared to the CON and 20 g/kg 
treatments with 0.19, 0.01, and 0.04 ± 0.04 h-1, respectively (P = 0.02; Table 4.5). All other 
degradability measurements for AH, GH, WBG, GC, CS, and SBM TFA, SFA, MUFA, and 
PUFA were non-significant and average LSM and SEM for all treatments can be found in 
Appendix 2.1 to 2.9. 
 
DISCUSSION 
The purpose of this study was to determine the ruminal degradability of 6 different feedstuffs 
including: alfalfa hay, grass hay, wet brewer’s grains, ground corn, corn silage, and soybean 
meal in response to 3 concentrations (0 g/kg, 10 g/kg or 20 g/kg) of dietary clay fed to the 
rumen-cannulated lactating dairy cows. We hypothesized that there may be potential for altered 
rumen degradability with the addition of clay to the diet because of its high binding affinity for 
certain materials and thus the alteration of rumen metabolic pathways.  
Properties and effects of bentonite clay  
 Bentonite clays primarily consist of montmorillonite, which is a soft phyllosilicate group of 
minerals primarily used as an industrial adsorbent and catalyst (Krishna et al., 2000). 
Montmorillonite clays are composed of a 3-layer structural complex which allows internal 
absorption of ions into the interlayer sheets (Trckova et al., 2004). The interlayer sheets of 
montmorillonite contains easily exchangeable ions making it a substance which can 
preferentially bind aflatoxins and other free ions (Trckova et al., 2004; Phillips et al., 2002). 
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Certain types of clays, including montmorillonites (bentonite clay), contain a unique swelling 
property that has caused them to be the focus of much research. Sodium montmorillonite is 
composed of negatively charged sheets held together by sodium cations (Brown and Brindley, 
1980). When placed in humid situations, the interlayer sodium ions tend to hydrate causing the 
interlayer space to increase in a process known as crystalline swelling (Boek and Coveney, 
1995). Furthermore, when these clays are placed in water, macroscopic swelling occurs, forming 
colloidal suspensions. (Brown and Brindley, 1980; Newman, 1987). In the present study, authors 
hypothesized that with this unique property of physical clay swelling, especially in aqueous 
environments such as the rumen, the potential for altered rumen degradability of feedstuffs 
exists. Our aim was to understand whether the physical or chemical properties, or both, of the 
bentonite clay fed to cows would be enough to cause changes in the rumen environment. 
Primarily, we found differences in the degradability of GH, WBG, CS, and SBM with the 
addition of clay in the diet. Therefore, it is important to understand both the mechanisms 
involved with clay in the rumen as well as the rumen degradability of protein, energy, fiber, and 
fat sources. 
Degradability of feedstuffs  
 The extent of ruminal degradation of a feedstuff influences the utilization of nutrients by the 
ruminant animal. For protein digestion, the portion of feed protein that is degradable is used for 
microbial protein synthesis in the rumen while the undegradable fraction escapes the rumen and 
is digested and absorbed post-ruminally (Ha and Kennelly, 1984). Maxin et al., (2013) compared 
the rumen degradability of DM, CP, and amino acids in SBM, canola meal, high protein corn 
distiller’s dried grains (HPDDG) and wheat distiller’s dried grains with solubles (WDDGS), and 
found that SBM and WDDGS were more ruminally degradable than canola meal or HPDDG. 
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Authors reported a significantly greater corrected water-soluble and rapidly degradable fraction 
and ED for SBM and WDDGS DM compared to canola meal and HPDDG (Maxin et al., 2013). 
Similarly, authors reported a greater corrected ED for SBM and WDDGS CP compared to canola 
meal and HPDDG. In the present study, WBG DM digestible fraction increased linearly for the 
CON, 10 g/kg and 20 g/kg treatments. Wet brewer’s grain DM ED decreased linearly for the 
CON, 10 g/kg and 20 g/kg treatments. The trend observed for decreasing WBG DM Kd is likely 
responsible for the inverse relationship between the digestible fraction and ED (P = 0.08). 
Similarly, WBG soluble SFA decreased linearly for CON, 10 g/kg, and 20 g/kg while WBG 
MUFA Kd was greater for CON and 20 g/kg than 10 g/kg. These results indicate that the 20 g/kg 
treatment maximized WBG DM digestibility and MUFA Kd but minimized DM ED and soluble 
SFA.  
Soybean meal DM soluble fraction was greatest for the 10 g/kg treatment compared to 
CON and 20 g/kg. Not surprisingly, SBM DM undigested fraction was lowest for the 10 g/kg 
treatment compared to CON and 20 g/kg. Soybean meal DM ED was greatest for the 10 g/kg 
treatment compared to CON and 20 g/kg. Maxin et al. (2013) observed soluble, digestible, 
undigested, and ED values of 0.30, 0.70, 0.09, and 0.68, respectively. Similarly, in the present 
study, values for soluble, digestible, undigested, and ED ranged (between each of the 3 
treatments) from 0.15 to 0.34, 0.64 to 0.73, 0.02 to 0.11, and 0.39 to 0.57, respectively. Dry 
matter degradability values in the present study were comparable to the values found by Maxin 
et al. (2013). These results indicated that the 10 g/kg treatment maximized SBM DM solubility 
and ED and the 20 g/kg treatment maximized starch digestibility. Similar to findings by Maxin et 
al. (2013), WBG and SBM were ruminally degradable and in the present study, degradability 
results were maximized with inclusion of clay in the diet.  
143 
 
Grass hay DM soluble fraction was greatest for the 10 g/kg treatment compared to CON 
and 20 g/kg. In contrast, GH DM fractional rate of digestion (Kd) was lowest for the 10 g/kg 
treatment compared to CON and 20 g/kg. A lower fractional rate of digestion from the rumen for 
GH DM for the 10 g/kg treatment likely allowed for greater solubility. These results indicated 
that the 10 g/kg treatment would maximize DM solubility of GH. Similarly, Hoffman et al., 
(1993) examined in situ DM, protein, and fiber degradation of 8 different forages at 3 different 
maturities. Of those 8 forage species, the low quality forages most similar to the chemical 
composition of GH in the present study were perennial ryegrass, quackgrass, and timothy in late 
maturity. Authors reported values ranging from 0.22 to 0.32, 0.39 to 0.46, 0.22 to 0.34, and 0.02 
to 0.05 for soluble, degradable, and undegradable DM fractions and Kd, respectively (Hoffman et 
al., 1993). In the present study, values for GH DM range from 0.12 to 0.17, 0.63 to 0.74, 0.08 to 
0.22, and 0.015 to 0.026 for soluble, digestible, and undigested DM fractions and Kd, 
respectively. Soluble and undigested fractions for GH DM were lower in the present study; 
however, the digestible fraction was greater and Kd values were similar to those observed by 
Hoffman et al., (1993).   
Grass hay digestible SFA increased linearly for CON, 10 g/kg, and 20 g/kg, respectively. 
Not surprisingly, GH undigested SFA decreased linearly for CON, 10 g/kg, and 20 g/kg, 
respectively. Grass hay SFA Kd decreased linearly for CON, 10 g/kg, and 20 g/kg, respectively. 
Grass hay soluble MUFA was greater for the CON and 20 g/kg treatments than for the 10 g/kg 
treatment, and similarly, GH MUFA Kd was greater for the CON and 20 g/kg treatments than the 
10 g/kg treatment. In ruminant animals, unsaturated fatty acids are toxic to rumen bacteria and 
are thus biohydrogenated to saturated fatty acids (Viviani, 1970). Therefore, it is postulated that 
the addition of clay at 0 or 20 g/kg of the diet altered the rumen microbial pathways, such that 
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the fractional rate of digestion was increased. However, the soluble MUFA was still greatest for 
these treatments compared to the 10 g/kg treatment. This also offers an explanation for the 
greatest amount of digestible SFA for the 20 g/kg treatment observed. These results indicated 
that the 20 g/kg treatment maximized SFA and MUFA solubility of GH. Similar to GH MUFA, 
CS digestible TFA was greater for the CON and 20 g/kg treatments than the 10 g/kg treatment. 
Corn Silage TFA Kd was greatest for the 10 g/kg treatment compared to the CON and 20 g/kg 
treatments. This result is not surprising because the 10 g/kg treatment had a greater fractional 
rate of degradation and therefore was degraded more rapidly. These results indicated that the 20 
g/kg treatment maximized CS digestible TFA but minimized TFA Kd. 
In the present study, AH and GH were ground to pass through a 1 mm screen before 
insertion into the rumen. Grinding feeds is known to alter rate of digestion and rate of passage of 
feedstuffs from the rumen during digestibility trials (Galyean et al., 1979). Specifically, grinding 
feeds to a smaller particle size increases the rate at which feeds are passed through the rumen and 
thus can result in decreased digestibility (NRC, 2001).  While there were no significant effects of 
clay on the degradability of AH, differences for GH DM SF and Kd and GH SFA D, SF, and Kd 
and MUFA SF and Kd were observed. Generally, the addition of clay positively affected GH 
degradability compared to CON. These results could be a consequence of the altered particle size 
due to grinding rather than the feedstuff itself. Therefore, analysis of these forages without 
grinding may result in lower digestion rates in the rumen and thus fewer degradability 
differences for GH. 
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CONCLUSIONS 
The addition of clay to the diet of lactating cows altered the in situ degradability of grass 
hay, wet brewer’s grain, soybean meal, and CS. Grass hay SFA digestible fraction was 
maximized with increasing clay in the diet whereas the undigested fraction and Kd decreased 
with increasing clay. Grass hay MUFA soluble fraction and Kd were maximized with the 20 g/kg 
inclusion rate. Wet brewer’s grain DM effective degradability decreased linearly with clay 
supplementation; whereas, that of SBM DM was maximized with clay at 10 g/kg of dietary DM. 
Wet brewer’s grain soluble saturated fatty acids decreased linearly with increasing clay in the 
diet whereas the MUFA Kd was maximized with the 20 g/kg inclusion rate of clay. Finally, corn 
silage total fatty acid digestible fraction was maximized with the 20 g/kg inclusion rate, whereas 
Kd was maximized with the 10 g/kg inclusion rate of clay. Results indicated that the addition of 
clay at 10 g/kg of total dietary DMI maximized solubility for grass hay and SBM DM as well as 
SBM ED. However, the addition of clay at 20 g/kg of total dietary DMI maximized fatty acid 
degradability.  
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TABLES 
 
Table 4.1. Ingredient composition of diet with 
addition of 0 g/kg clay (CON), and clay 
added to the diet in 10 g/kg and 20 g/kg of the 
dietary DMI of Holstein cows. 
Ingredient g/100g of DM 
Alfalfa silage 6.12 
Alfalfa hay 6.94 
Corn silage 35.09 
Cottonseed 3.26 
Wet brewer’s grains 8.16 
Ground shelled corn 25.09 
Soy hulls 4.74 
Soybean meal, 48% CP 2.45 
Expeller soybean meal2 1.22 
Blood meal3 1.43 
Urea 0.33 
Rumen-inert fat1 1.43 
Limestone 1.14 
Salt 0.30 
Dicalcium phosphate 0.30 
Magnesium oxide 0.12 
Sodium bicarbonate 0.78 
Potassium carbonate 0.30 
Calcium sulfate 0.12 
Mineral and vitamin mix4 0.53 
1Energy Booster 100 (Milk Specialties Global, 
Eden Prairie, MN) 
2SoyPLUS (West Central Cooperative, 
Ralston, IA) 
3Perdue AgSolutions LLC, Binghamton, NY 
4Mineral and vitamin mix was formulated 
with 5% Mg, 10 g/kg S, 7.5% K, 2.0 g/kg Fe, 
3.0 g/kg Zn, 3.0 g/kg Mn, 5000 mg/kg of Cu, 
250 mg/kg of I, 40 mg/kg of Co, 150 mg/kg of 
Se, 2,200 kIU/kg of vitamin A, 660 kIU/kg of 
vitamin D3, and 7700 IU/kg of vitamin E 
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Table 4.2. Mean chemical composition (g/100g of 
DM unless otherwise noted) and standard deviation 
of basal diet fed to Holstein cows with addition of 0 
g/kg clay (CON), and clay added to the diet in 10 
g/kg and 20 g/kg of the dietary DMI. 
 Mean SD1 
DM 49.2 0.8 
CP 16.2 0.5 
ADF 23.0 1.6 
aNDF 34.0 2.6 
Lignin 3.85 0.78 
NFC 35.5 2.5 
Starch 24.8 2.3 
Crude fat  5.86 0.33 
Ash 8.39 0.61 
ME2 2.60 0.05 
NEL, MJ/kg of DM2 6.32 0.07 
Ca 1.26 0.21 
P 0.36 0.04 
Mg 0.27 0.04 
K 1.28 0.19 
Na 0.39 0.06 
S 0.23 0.03 
Fe, mg/kg  494        81 
Zn, mg/kg 87.8 17.6 
Cu, mg/kg 17.5 2.8 
Mn, mg/kg 91.2 12.8 
Mo, mg/kg 0.82 0.16 
Abbreviations: ADF, acid detergent fiber; Ca, 
calcium; CON, control treatment; CP, crude protein; 
Cu, copper; DM, dry matter; DMI, dry matter intake; 
Fe, iron; K, potassium; ME, metabolizable energy; 
Mg, magnesium; Mn, manganese; Mo, molybdenum; 
Na, sodium; aNDF, neutral detergent fiber; NEL, net 
energy of lactation; NFC, non-fiber carbohydrates; P, 
phosphorous; S, sulfur; SD, maximum standard 
deviation of mean; Zn, zinc. 
1Maximum standard deviation between all samples. 
2NRC (2001). 
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Table 4.3. Mean chemical composition (g/100g of DM) 
and standard deviation of ingredients used to determine 
degradability in Holstein cows with addition of 0 g/kg 
clay (CON), and clay added to the diet in 10 g/kg and 20 
g/kg of the dietary DMI. 
 Mean SD1 
Alfalfa hay   
   DM 82.10 0.05 
   CP 20.67 0.80 
   Starch 1.37 0.55 
   ADF 56.83 2.74 
   aNDF 67.17 4.45 
Grass hay   
   DM 86.97 0.014 
   CP 9.02 0.56 
   Starch 0.84 0.31 
   ADF 52.02 0.95 
   aNDF 80.54 1.72 
Brewers grain   
   DM 38.15 0.06 
   CP 35.37 1.97 
   Starch 3.17 0.06 
   ADF 37.53 0.50 
  aNDF 58.03 0.95 
Corn   
   DM 85.83 0.005 
   CP 7.95 0.26 
   Starch 68.25 1.90 
   ADF 3.65 0.50 
   aNDF 9.15 1.05 
Corn silage   
   DM 30.98 0.03 
   CP 7.05 0.24 
   Starch 19.93 1.91 
   ADF 34.68 1.20 
  aNDF 50.0 2.82 
Soybean meal   
   DM 89.56 0.01 
   CP 58.48 7.60 
   Starch 1.88 0.30 
   ADF 15.46 6.34 
   aNDF 51.70 9.07 
Abbreviations: ADF, acid detergent fiber; CON, control 
treatment; CP, crude protein; DM, dry matter; aNDF, 
neutral detergent fiber; SD, standard deviation of mean. 
1Maximum standard deviation between all samples. 
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Table 4.4. Least squares means and associated standard errors of soluble fraction, 
digestible fraction, undigested fraction, fractional rate of digestion (Kd), and effective 
degradability (ED) for grass hay, wet brewer’s grains, and soybean meal dry matter, 
ADF, and starch with the addition of 0 g/kg clay (CON), and clay added to the diet in 10 
g/kg and 20 g/kg of the dietary DMI as determined by 10 × 20 cm polyester bags 
inserted into the rumen of lactating Holstein cows for 0, 4, 8, 12, 24, 48, 72, 96 hours. 
 Treatment1 P-value3 
 CON 10 g/kg 20 g/kg SEM2 Linear Quadratic 
Grass hay       
DM, g/100g       
   Soluble 0.14 0.17 0.12 0.05 0.31 0.03 
   Kd, h-1 0.026 0.015 0.022 0.003 0.30 0.02 
Wet brewer’s grains       
DM, g/100g       
   Digestible 0.59 0.66 0.76 0.06 0.04 0.84 
   Kd, h-1 0.18 0.07 0.03 0.08 0.08 0.62 
   ED4 0.44 0.41 0.31 0.11 0.02 0.54 
Soybean meal       
DM, g/100g       
   Soluble 0.26 0.34 0.15 0.05 0.18 0.04 
   Undigested 0.09 0.02 0.11 0.04 0.55 0.02 
   ED4 0.48 0.57 0.39 0.03 0.07 0.002 
ADF, g/100g DM       
   Digestible 0.63 0.47 0.33 0.09 0.03 0.94 
Starch, g/100g DM       
   Soluble 0.23 0.23 0.18 0.01 0.04 0.14 
   Digestible 0.77 0.77 0.82 0.01 0.04 0.14 
Abbreviations: ADF, acid detergent fiber; CON, control treatment; CP, crude protein; 
DM, dry matter; ED, effective degradability; Kd, fractional digestion rate;  Kp, assumed 
rate of passage; aNDF, neutral detergent fiber; SEM, standard error of mean. 
1 Treatments were: Basal TMR without clay (CON), basal TMR with 10 g/kg dietary 
addition of clay as a top-dress (10 g/kg), or basal TMR with 20 g/kg dietary addition of 
clay as a top-dress (20 g/kg). 
2 Greatest standard error of mean. 
3 Contrasts statements were: linear = linear treatment effect; and quadratic = quadratic 
treatment effect. 
4 Effective degradability (ED) = soluble fraction + digestible fraction × [Kd/(Kd+Kp)]. 
Rate of passage from the rumen (Kp) assumed to be 0.06. 
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Table 4.5. Least squares means and associated standard errors of soluble fraction, 
digestible fraction, undigested fraction, and fractional rate of digestion (Kd) for grass 
hay, wet brewer’s grains, and corn silage saturated fatty acids (SFA), monounsaturated 
fatty acids (MUFA), and total fatty acids (TFA) with the addition of 0 g/kg clay (CON), 
and clay added to the diet in 10 g/kg and 20 g/kg of the dietary DMI as determined by 10 
× 20 cm polyester bags inserted into the rumen of lactating Holstein cows for 0, 4, 8, 12, 
24, 48, 72, 96 hours. 
 Treatment1 P-value3 
 CON 10 g/kg 20 g/kg SEM2 Linear Quadratic 
Grass hay       
SFA, g/100g DM       
   Digestible 0.34 0.78 0.91 0.12 0.02 0.34 
   Undigested 0.60 0.19 0.00 0.12 0.02 0.46 
   Kd, h-1 0.07 0.03 0.01 0.02 0.04 0.75 
MUFA, g/100g DM       
   Soluble 0.12 0.10 0.13 0.01 0.56 0.02 
   Kd, h-1 0.20 0.14 0.18 0.02 0.52 0.05 
Wet brewer’s grains       
SFA, g/100g DM       
   Soluble 0.08 0.04 0.03 0.02 0.01 0.28 
MUFA       
   Kd, h-1 0.04 0.02 0.05 0.001 0.001 <0.0001 
Corn silage       
TFA, g/100g DM       
   Digestible 0.73 0.33 0.45 0.15 0.03 0.02 
   Kd, h-1 0.01 0.19 0.04 0.04 0.38 0.02 
Abbreviations: CON, control treatment; DM, dry matter; Kd, fractional rate of digestion; 
MUFA, monounsaturated fatty acids; SEM, standard error of mean; SFA, saturated fatty 
acids; TFA, total fatty acids. 
1 Treatments were: Basal TMR without clay (CON), basal TMR with 10 g/kg dietary 
addition of clay as a top-dress (10 g/kg), or basal TMR with 20 g/kg dietary addition of 
clay as a top-dress (20 g/kg). 
2 Greatest standard error of mean. 
3 Contrasts statements were: linear = linear treatment effect; and quadratic = quadratic 
treatment effect. 
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CHAPTER V 
OVERALL SUMMARY, CONCLUSIONS, AND PERSPECTIVES 
 
Fungi pose a threat to crop and dairy farmers all over the world. They leave their traces 
on WPCS both in the field and post-harvest and can cause serious issues for silage yield and 
dairy cow health and productivity. Through the use of FUN in the field and AD in the cow, 
researchers and producers have developed practical approaches for combating the negative 
effects of fungal contamination. Each solution works through different avenues to achieve the 
same goal of hindering fungus growth and harm to corn plants and to the animals that consume 
them. Through this research, we sought to delve into the effects of foliar FUN on WPCS and of 
feeding yeast and clay-based AD to cows challenged with AF.  
Because fungal growth on WPCS poses a major threat to corn and dairy producers around 
the world, our goal in Chapter 1 was to examine the effects of foliar FUN application on 2 whole 
plant corn varieties (BMR and FLY) sampled: 1) as whole plants and disassembled to be 
chemically analyzed separately as leaves, stalks, cobs, and flag leaves during 2 different time 
points in the growing season (VT and R5) and 2) at harvest and ensiled for 0, 30, 90, or 150 d 
and analyzed for nutrient and fermentation profile. Application of FUN generally resulted in corn 
plants that were healthier and more nutritionally favorable than CON corn plants. However, 
CON WPCS resulted in greater DM and DM yield than FUN WPCS. Traditionally, BMR WPCS 
is known to exhibit lower lignification thus resulting in lower yield than traditional WPCS 
hybrids; however, BMR WPCS in the present study yielded greater DM than FLY WPCS under 
CON conditions with no differences in ADL concentrations. Likewise, BMR WPCS resulted in a 
more digestible product compared to FLY WPCS. Overall, longer enisling times resulted in more 
favorable WPCS than shorter ensiling times based on DM, fiber, and NDF and starch 
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digestibilities. It is important to take into consideration the digestibility of the entire corn plant, 
rather than just the corn kernel when feeding lactating dairy cows. Therefore, BMR WPCS 
treated with FUN and ensiled for 90 to 150 d may yield the best WPCS for feeding to dairy 
cows.  
Oftentimes despite producers’ best efforts, fungi and their subsequent mycotoxins still 
manage to infect WPCS throughout growth, harvest, and ensiling. These mycotoxins cause 
serious problems for dairy cows and humans if consumed in excess; therefore, in Chapter 3 we 
sought to determine the effects of a yeast cell wall and bentonite clay-based AD on excretion of 
AF, milk composition, health and blood metabolites of mid-lactation Holstein cows during an 
AF challenge. From this trial, we learned that oral supplementation of yeast and bentonite clay-
based AD during AF challenge resulted in quadratic changes in plasma SOD and fecal AFB1 
concentrations; however, no differences were observed for DMI or milk yield. We concluded 
that the addition of a yeast and bentonite clay-based AD to the diet of cows receiving an AF 
challenge altered blood metabolites and tended to decrease the presence of AFB1 in the feces. 
The AD neither hindered nor improved cow feed intake, milk production, or efficiency when 
challenged with AF. No differences in AF transfer or excretion in milk were observed, however, 
alterations in the blood chemistry profile and fecal AF concentrations indicated some degree of 
physiological adaptation and immune response to dietary adsorbents during an AF challenge.  
During the second cow trial in Chapter 3, we hypothesized that a bentonite clay AD might 
alter the degradability of common dairy cow feedstuffs due to its high binding capacity for 
certain compounds. Therefore, we sought to determine the ruminal degradability of 6 different 
feedstuffs including alfalfa hay, grass hay, wet brewer’s grains, ground corn, corn silage, and 
soybean meal in response to 3 concentrations of dietary clay in lactating dairy cows. We found 
that the addition of clay to the diet of lactating cows altered the in situ degradability of grass hay, 
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wet brewer’s grain, soybean meal, and CS. Grass hay SFA digestibility was maximized with 
increasing clay in the diet whereas the indigestible fraction and Kd decreased with increasing 
clay. Grass hay MUFA soluble fraction and Kd were maximized with the 20 g/kg inclusion rate. 
Wet brewer’s grain DM effective degradability decreased linearly with clay supplementation; 
whereas, that of SBM DM was maximized with clay at 10 g/kg of dietary DM. Wet brewer’s 
grain soluble saturated fatty acids decreased linearly with increasing clay in the diet; whereas, 
the MUFA Kd was maximized with the 20 g/kg of dietary DM inclusion rate of clay. Finally, 
corn silage total fatty acid digestible fraction was maximized with the 20 g/kg of dietary DM 
inclusion rate, whereas Kd was maximized with the 10 g/kg of dietary DM inclusion rate of clay. 
Results indicated that the addition of clay at 10 g/kg of total dietary DMI maximized solubility 
for grass hay and SBM DM as well as SBM ED. However, the addition of clay at 20 g/kg of total 
dietary DMI maximized fatty acid degradability.  
During this research program, we were able to better understand how FUN affects 2 different 
WPCS varieties for specific corn plant parts during growth and development, and how that 
ultimately translates into WPCS for cow consumption. We gained insight into the nutritionally 
important aspects of the corn plant is affected for 2 different varieties and 2 different growth 
stages. Likewise, we gained a better understanding of exactly what is happening in the cow when 
a yeast and clay based product is consumed. Together, this research helped reveal practical 
solutions to a common problem faced by dairy farmers regarding mycotoxins both in the field 
and in feedstuff. In the field, FUN may improve the health and quality of corn plant and WPCS, 
while AD are useful for attenuating the negative effects of toxins within the cow. Lastly, the 
addition of a clay-based AD may improve the degradability of some feedstuffs making it 
effective in maximizing both health and productivity of dairy cows. However, more work must 
be done in order to fully understand how to take advantage of the effects of FUN during corn 
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plant growth to result in the healthiest, most productive WPCS possible. Likewise, it may be 
beneficial to delve further into the immunological effects of clay and yeast based AD when cows 
experience a mycotoxin challenge based on the findings from this research program. 
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APPENDIX 1. SCHEMATIC OF PROJECT INTERRELATIONS 
 
 
Visual representation of the interrelations between all studies with: 1) corn silage growing in the field with 
aflatoxins and other fungi and being sprayed with a foliar fungicide, 2) harvest of corn silage with aflatoxin 
growth, 3) storage of ensiled corn with more aflatoxin growth, 4) aflatoxin and aflatoxin adsorbent consumption 
by cows, 5) adsorbents at work in the rumen on the consumed aflatoxin, and 6) how all of these factors affect 
Illinois dairy farms and their current practices to combat these challenges.
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APPENDIX 2. NON-SIGNIFICANT DEGRADABILITY RESULTS FOR ALFALFA 
HAY, GRASS HAY, WET BREWER’S GRAIN, GROUND CORN, CORN SILAGE, AND 
SOYBEAN MEAL DRY MATTER, NDF, ADF, STARCH, CP, TOTAL FATTY ACIDS, 
SATURATED FATTY ACIDS, MONOUNSATURATED FATTY ACIDS, AND 
POLYUNSATURATED FATTY ACIDS 
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Appendix 2.1. Least squares means1 and associated standard errors of soluble fraction, 
digestible fraction, undigested fraction, fractional rate of digestion (Kd), and effective 
degradability (ED) for alfalfa hay dry matter, aNDF, ADF, starch, and crude protein with the 
addition of 0, 10, or 20 g/kg clay added to the dietary DMI of Holstein cows as determined by 
10 × 20 cm polyester bags inserted into the rumen of lactating Holstein cows for 0, 4, 8, 12, 24, 
48, 72, 96 hours. 
 Average of all treatment LSM2 SEM3 
DM     
   Soluble 0.19 0.02 
   Digestible 0.49 0.06 
   Undigested 0.40 0.03 
   Kd, h-1 0.04 0.02 
   ED4 0.34 0.03 
aNDF, g/100g of DM   
   Soluble 0.22 0.02 
   Digestible 0.40 0.10 
   Undigested 0.39 0.11 
   Kd, h-1 0.03 0.01 
   ED4 0.33 0.02 
ADF,  g/100g of DM   
   Soluble 0.20 0.01 
   Digestible 0.39 0.04 
   Undigested 0.37 0.09 
   Kd, h-1 0.04 0.02 
   ED4 0.33 0.05 
Starch,  g/100g of DM   
   Soluble 0.20 0.01 
   Digestible 0.41 0.03 
   Undigested 0.36 0.09 
   Kd, h-1 0.04 0.02 
   ED4 0.33 0.05 
CP,  g/100g of DM   
   Soluble 0.18 0.01 
   Digestible 0.70 0.07 
   Undigested 0.12 0.07 
   Kd, h-1 0.03 0.01 
   ED4 0.37 0.04 
Abbreviations: ADF, acid detergent fiber; CP, crude protein; DM, dry matter; ED, effective 
degradability; Kd, fractional digestion rate;  Kp, assumed rate of passage; LSM, least square 
means; aNDF, neutral detergent fiber; SEM, standard error of mean 
1Averages of treatment LSM presented are non-significant, P ≥ 0.06. 
2Treatments were: Basal TMR without clay, or basal TMR with 10 g/kg or 20 g/kg dietary 
addition of clay as a top-dress. 
3 Greatest standard error of mean. 
4Effective degradability (ED) = soluble fraction + digestible fraction × [Kd/(Kd+Kp)]. Rate of 
passage from the rumen (Kp) assumed to be 0.06. 
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Appendix 2.2. Least squares means1 and associated standard errors of soluble fraction, 
digestible fraction, undigested fraction, fractional rate of digestion (Kd), and effective 
degradability (ED) for grass hay dry matter, aNDF, ADF, starch, and crude protein with the 
addition of 0, 10, or 20 g/kg clay added to the dietary DMI of Holstein cows as determined by 
10 × 20 cm polyester bags inserted into the rumen of lactating Holstein cows for 0, 4, 8, 12, 24, 
48, 72, 96 hours. 
 Average of all treatment LSM2 SEM3 
DM     
   Digestible 0.70 0.04 
   Undigested 0.14 0.05 
   ED4 0.33 0.05 
aNDF, g/100g of DM   
   Soluble 0.11 0.01 
   Digestible 0.59 0.08 
   Undigested 0.29 0.08 
   Kd, h-1 0.02 0.01 
   ED4 0.28 0.02 
ADF,  g/100g of DM   
   Soluble 0.13 0.02 
   Digestible 0.55 0.10 
   Undigested 0.32 0.10 
   Kd, h-1 0.03 0.01 
   ED4 0.28 0.02 
Starch,  g/100g of DM   
   Soluble 0.10 0.02 
   Digestible 0.79 0.06 
   Undigested 0.10 0.05 
   Kd, h-1 0.10 0.07 
   ED4 0.50 0.10 
CP,  g/100g of DM   
   Soluble 0.03 0.03 
   Digestible 0.90 0.11 
   Undigested 0.08 0.09 
   Kd, h-1 0.01 0.01 
   ED4 0.15 0.05 
Abbreviations: ADF, acid detergent fiber; CP, crude protein; DM, dry matter; ED, effective 
degradability; Kd, fractional digestion rate;  Kp, assumed rate of passage; LSM, least square 
means; aNDF, neutral detergent fiber; SEM, standard error of mean 
1Averages of treatment LSM presented are non-significant, P ≥ 0.06. 
2Treatments were: Basal TMR without clay, or basal TMR with 10 g/kg or 20 g/kg dietary 
addition of clay as a top-dress. 
3 Greatest standard error of mean. 
4Effective degradability (ED) = soluble fraction + digestible fraction × [Kd/(Kd+Kp)]. Rate of 
passage from the rumen (Kp) assumed to be 0.06. 
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Appendix 2.3. Least squares means1 and associated standard errors of soluble fraction, 
digestible fraction, undigested fraction, fractional rate of digestion (Kd), and effective 
degradability (ED) for wet brewer’s grain dry matter, aNDF, ADF, starch, and crude protein 
with the addition of 0, 10, or 20 g/kg clay added to the dietary DMI of Holstein cows as 
determined by 10 × 20 cm polyester bags inserted into the rumen of lactating Holstein cows for 
0, 4, 8, 12, 24, 48, 72, 96 hours. 
 Average of all treatment LSM2 SEM3 
DM     
   Soluble 0.11 0.03 
   Undigested 0.16 0.07 
aNDF, g/100g of DM   
   Soluble 0.06 0.01 
   Digestible 0.72 0.08 
   Undigested 0.22 0.07 
   Kd, h-1 0.09 0.06 
   ED4 0.39 0.11 
ADF,  g/100g of DM   
   Soluble 0.08 0.02 
   Digestible 0.72 0.08 
   Undigested 0.21 0.09 
   Kd, h-1 0.08 0.06 
   ED4 0.38 0.12 
Starch, g/100g of DM   
   Soluble 0.06 0.03 
   Digestible 0.76 0.07 
   Undigested 0.17 0.06 
   Kd, h-1 0.06 0.03 
   ED4 0.39 0.08 
CP, g/100g of DM   
   Soluble 0.06 0.03 
   Digestible 0.73 0.13 
   Undigested 0.22 0.14 
   Kd, h-1 0.05 0.03 
   ED4 0.29 0.11 
Abbreviations: ADF, acid detergent fiber; CP, crude protein; DM, dry matter; ED, effective 
degradability; Kd, fractional digestion rate;  Kp, assumed rate of passage; LSM, least square 
means; aNDF, neutral detergent fiber; SEM, standard error of mean 
1Averages of treatment LSM presented are non-significant, P ≥ 0.06. 
2Treatments were: Basal TMR without clay, or basal TMR with 10 g/kg or 20 g/kg dietary 
addition of clay as a top-dress. 
3 Greatest standard error of mean. 
4Effective degradability (ED) = soluble fraction + digestible fraction × [Kd/(Kd+Kp)]. Rate of 
passage from the rumen (Kp) assumed to be 0.06. 
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Appendix 2.4. Least squares means1 and associated standard errors of soluble fraction, 
digestible fraction, undigested fraction, fractional rate of digestion (Kd), and effective 
degradability (ED) for ground corn dry matter, aNDF, ADF, starch, and crude protein with the 
addition of 0, 10, or 20 g/kg clay added to the dietary DMI of Holstein cows as determined by 
10 × 20 cm polyester bags inserted into the rumen of lactating Holstein cows for 0, 4, 8, 12, 24, 
48, 72, 96 hours. 
 Average of all treatment LSM2 SEM3 
DM   
   Soluble 0.84 0.04 
   Digestible 0.01 0.01 
   Undigested 0.03 0.004 
   Kd, h-1 0.45 0.02 
   ED4 0.14 0.03 
aNDF, g/100g of DM   
   Soluble 0.10 0.06 
   Digestible 0.90 0.06 
   Undigested 0.00 0.00 
   Kd, h-1 0.04 0.01 
   ED4 0.40 0.09 
ADF, g/100g of DM   
   Soluble 0.09 0.02 
   Digestible 0.91 0.02 
   Undigested 0.00 0.00 
   Kd, h-1 0.01 0.004 
   ED4 0.23 0.04 
Starch, g/100g of DM   
   Soluble 0.15 0.02 
   Digestible 0.79 0.05 
   Undigested 0.05 0.04 
   Kd, h-1 0.06 0.01 
   ED4 0.52 0.02 
CP, g/100g of DM   
   Soluble 0.13 0.03 
   Digestible 0.55 0.28 
   Undigested 0.31 0.26 
   Kd, h-1 0.03 0.02 
   ED4 0.21 0.06 
Abbreviations: ADF, acid detergent fiber; CP, crude protein; DM, dry matter; ED, effective 
degradability; Kd, fractional digestion rate;  Kp, assumed rate of passage; LSM, least square 
means; aNDF, neutral detergent fiber; SEM, standard error of mean 
1Averages of treatment LSM presented are non-significant, P ≥ 0.06. 
2Treatments were: Basal TMR without clay, or basal TMR with 10 g/kg or 20 g/kg dietary 
addition of clay as a top-dress. 
3 Greatest standard error of mean. 
4Effective degradability (ED) = soluble fraction + digestible fraction × [Kd/(Kd+Kp)]. Rate of 
passage from the rumen (Kp) assumed to be 0.06. 
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Appendix 2.5. Least squares means1 and associated standard errors of soluble fraction, 
digestible fraction, undigested fraction, fractional rate of digestion (Kd), and effective 
degradability (ED) for corn silage dry matter, aNDF, ADF, starch, and crude protein with the 
addition of 0, 10, or 20 g/kg clay added to the dietary DMI of Holstein cows as determined by 
10 × 20 cm polyester bags inserted into the rumen of lactating Holstein cows for 0, 4, 8, 12, 24, 
48, 72, 96 hours. 
 Average of all treatment LSM2 SEM3 
DM   
   Soluble 0.25 0.03 
   Digestible 0.50 0.04 
   Undigested 0.24 0.04 
   Kd, h-1 0.04 0.01 
   ED4 0.48 0.04 
aNDF, g/100g of DM   
   Soluble 0.19 0.01 
   Digestible 0.62 0.10 
   Undigested 0.18 0.11 
   Kd, h-1 0.03 0.02 
   ED4 0.37 0.07 
ADF, g/100g of DM   
   Soluble 0.20 0.02 
   Digestible 0.61 0.12 
   Undigested 0.19 0.11 
   Kd, h-1 0.04 0.03 
   ED4 0.39 0.08 
Starch, g/100g of DM   
   Soluble 0.18 0.02 
   Digestible 0.79 0.03 
   Undigested 0.04 0.02 
   Kd, h-1 0.12 0.05 
   ED4 0.64 0.08 
CP, g/100g of DM   
   Soluble 0.42 0.09 
   Digestible 0.58 0.09 
   Undigested 0.00 0.00 
   Kd, h-1 0.02 0.01 
   ED4 0.55 0.08 
Abbreviations: ADF, acid detergent fiber; CP, crude protein; DM, dry matter; ED, effective 
degradability; Kd, fractional digestion rate;  Kp, assumed rate of passage; LSM, least square 
means; aNDF, neutral detergent fiber; SEM, standard error of mean 
1Averages of treatment LSM presented are non-significant, P ≥ 0.06. 
2Treatments were: Basal TMR without clay, or basal TMR with 10 g/kg or 20 g/kg dietary 
addition of clay as a top-dress. 
3 Greatest standard error of mean. 
4Effective degradability (ED) = soluble fraction + digestible fraction × [Kd/(Kd+Kp)]. Rate of 
passage from the rumen (Kp) assumed to be 0.06. 
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Appendix 2.6. Least squares means1 and associated standard errors of soluble fraction, 
digestible fraction, undigested fraction, fractional rate of digestion (Kd), and effective 
degradability (ED) for soybean meal dry matter, aNDF, ADF, starch, and crude protein with the 
addition of 0, 10, or 20 g/kg clay added to the dietary DMI of Holstein cows as determined by 
10 × 20 cm polyester bags inserted into the rumen of lactating Holstein cows for 0, 4, 8, 12, 24, 
48, 72, 96 hours. 
 Average of all treatment LSM2 SEM3 
DM   
   Digestible 0.67 0.08 
   Kd, h-1 0.03 0.01 
aNDF, g/100g of DM   
   Soluble 0.24 0.02 
   Digestible 0.72 0.09 
   Undigested 0.00 0.00 
   Kd, h-1 0.05 0.03 
   ED4 0.50 0.07 
ADF, g/100g of DM   
   Soluble 0.30 0.06 
   Undigested 0.22 0.11 
   Kd, h-1 0.32 0.15 
   ED4 0.64 0.09 
Starch, g/100g of DM   
   Undigested 0.00 0.00 
   Kd, h-1 0.08 0.01 
   ED4 0.64 0.03 
CP, g/100g of DM   
   Soluble 0.25 0.01 
   Digestible 0.75 0.01 
   Undigested 0.00 0.00 
   Kd, h-1 0.02 0.01 
   ED4 0.45 0.06 
Abbreviations: ADF, acid detergent fiber; CP, crude protein; DM, dry matter; ED, effective 
degradability; Kd, fractional digestion rate;  Kp, assumed rate of passage; LSM, least square 
means; aNDF, neutral detergent fiber; SEM, standard error of mean 
1Averages of treatment LSM presented are non-significant, P ≥ 0.06. 
2Treatments were: Basal TMR without clay, or basal TMR with 10 g/kg or 20 g/kg dietary 
addition of clay as a top-dress. 
3 Greatest standard error of mean. 
4Effective degradability (ED) = soluble fraction + digestible fraction × [Kd/(Kd+Kp)]. Rate of 
passage from the rumen (Kp) assumed to be 0.06. 
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Appendix 2.7. Least squares means1 and associated standard errors of soluble fraction, 
digestible fraction, undigested fraction, fractional rate of digestion (Kd), and effective 
degradability (ED) for grass hay total fatty acids (TFA), saturated fatty acids (SFA), 
monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA)  with the 
addition of 0, 10, or 20 g/kg clay added to the dietary DMI of Holstein cows as determined by 
10 × 20 cm polyester bags inserted into the rumen of lactating Holstein cows for 0, 4, 8, 12, 
24, 48, 72, 96 hours. 
 Average of all treatment LSM2 SEM3 
TFA, g/100g of DM     
   Soluble 0.22 0.16 
   Digestible 0.67 1.29 
   Undigested 0.11 1.21 
   Kd, h-1 0.03 0.04 
   ED4 0.58 0.57 
Σ SFA, g/100g of DM   
   Soluble 0.06 0.03 
   ED4 0.20 0.03 
Σ MUFA cis, g/100g of DM   
   Digestible 0.71 0.02 
   Undigested 0.18 0.02 
   ED4 0.64 0.02 
Σ PUFA cis, g/100g of DM   
   Soluble 0.12 0.01 
   Digestible 0.83 0.01 
   Undigested 0.05 0.01 
   Kd, h-1 0.41 0.10 
   ED4 0.83 0.02 
Abbreviations: DM, dry matter; ED, effective degradability; Kd, fractional digestion rate;  Kp, 
assumed rate of passage; LSM, least square means; MUFA, monounsaturated fatty acids; 
PUFA, polyunsaturated fatty acids; SEM, standard error of mean; SFA, saturated fatty acids; 
TFA, total fatty acids. 
1Averages of treatment LSM presented are non-significant, P ≥ 0.06. 
2Treatments were: Basal TMR without clay, or basal TMR with 10 g/kg or 20 g/kg dietary 
addition of clay as a top-dress. 
3 Greatest standard error of mean. 
4Effective degradability (ED) = soluble fraction + digestible fraction × [Kd/(Kd+Kp)]. Rate of 
passage from the rumen (Kp) assumed to be 0.06. 
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Appendix 2.8. Least squares means1 and associated standard errors of soluble fraction, 
digestible fraction, undigested fraction, fractional rate of digestion (Kd), and effective 
degradability (ED) for wet brewer’s grain total fatty acids (TFA), saturated fatty acids (SFA), 
monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA)  with the 
addition of 0, 10, or 20 g/kg clay added to the dietary DMI of Holstein cows as determined by 
10 × 20 cm polyester bags inserted into the rumen of lactating Holstein cows for 0, 4, 8, 12, 
24, 48, 72, 96 hours. 
 Average of all treatment LSM2 SEM3 
TFA, g/100g of DM     
   Soluble 0.06 0.01 
   Digestible 0.67 0.10 
   Undigested 0.27 0.09 
   Kd, h-1 0.08 0.03 
   ED4 0.45 0.09 
Σ SFA, g/100g of DM   
   Digestible 0.76 0.08 
   Undigested 0.19 0.08 
   Kd, h-1 0.05 0.04 
   ED4 0.31 0.10 
Σ MUFA cis, g/100g of DM   
   Soluble 0.06 0.02 
   Digestible 0.83 0.05 
   Undigested 0.12 0.05 
   ED4 0.44 0.09 
Σ PUFA cis, g/100g of DM   
   Soluble 0.07 0.01 
   Digestible 0.83 0.06 
   Undigested 0.10 0.05 
   Kd, h-1 0.13 0.04 
   ED4 0.61 0.08 
Abbreviations: DM, dry matter; ED, effective degradability; Kd, fractional digestion rate;  Kp, 
assumed rate of passage; LSM, least square means; MUFA, monounsaturated fatty acids; 
PUFA, polyunsaturated fatty acids; SEM, standard error of mean; SFA, saturated fatty acids; 
TFA, total fatty acids. 
1Averages of treatment LSM presented are non-significant, P ≥ 0.06. 
2Treatments were: Basal TMR without clay, or basal TMR with 10 g/kg or 20 g/kg dietary 
addition of clay as a top-dress. 
3 Greatest standard error of mean. 
4Effective degradability (ED) = soluble fraction + digestible fraction × [Kd/(Kd+Kp)]. Rate of 
passage from the rumen (Kp) assumed to be 0.06. 
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Appendix 2.9. Least squares means1 and associated standard errors of soluble fraction, 
digestible fraction, undigested fraction, fractional rate of digestion (Kd), and effective 
degradability (ED) for corn silage total fatty acids (TFA), saturated fatty acids (SFA), 
monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA)  with the 
addition of 0, 10, or 20 g/kg clay added to the dietary DMI of Holstein cows as determined by 
10 × 20 cm polyester bags inserted into the rumen of lactating Holstein cows for 0, 4, 8, 12, 24, 
48, 72, 96 hours. 
 Average of all treatment LSM2 SEM3 
TFA, g/100g of DM     
   Soluble 0.17 0.08 
   Undigested 0.32 0.15 
   ED4 0.31 0.10 
Σ SFA, g/100g of DM   
   Soluble 0.12 0.09 
   Digestible 0.75 0.18 
   Undigested 0.13 0.12 
   Kd, h-1 0.01 0.01 
   ED4 0.24 0.10 
Σ MUFA cis, g/100g of DM   
   Soluble 0.18 0.03 
   Digestible 0.74 0.06 
   Undigested 0.09 0.04 
   Kd, h-1 0.09 0.03 
   ED4 0.57 0.06 
Σ PUFA cis, g/100g of DM   
   Soluble 0.19 0.02 
   Digestible 0.72 0.03 
   Undigested 0.09 0.03 
   Kd, h-1 0.31 0.09 
   ED4 0.77 0.05 
Abbreviations: DM, dry matter; ED, effective degradability; Kd, fractional digestion rate;  Kp, 
assumed rate of passage; LSM, least square means; MUFA, monounsaturated fatty acids; 
PUFA, polyunsaturated fatty acids; SEM, standard error of mean; SFA, saturated fatty acids; 
TFA, total fatty acids. 
1Averages of treatment LSM presented are non-significant, P ≥ 0.06. 
2Treatments were: Basal TMR without clay, or basal TMR with 10 g/kg or 20 g/kg dietary 
addition of clay as a top-dress. 
3 Greatest standard error of mean. 
4Effective degradability (ED) = soluble fraction + digestible fraction × [Kd/(Kd+Kp)]. Rate of 
passage from the rumen (Kp) assumed to be 0.06. 
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APPENDIX 3. FOOD SAFETY EVALUATION IN ILLINOIS DAIRY FARMS – A 
DAIRY FOCUS TEAM APPROACH 
 
INTRODUCTION  
Illinois has experienced a 57% reduction in the total number of dairy farms with a 40% 
increase in the average herd size over the last 30 years (USDA, 2007). This observation of 
decreased farm number but increased herd size is reflective of the national trend. Since 1991, the 
number of farms in the US with less than 50 total cows has decreased while the number of farms 
with more than 100 cows has increased (USDA, 2007). Additionally, 75.6% of milk produced in 
the US in 2012 was produced from farms containing 200 or more cows (Brotzman et al., 2015). 
These changes are likely due to farms that have become more productive over time due to 
advancements in technologies and management practices (Brotzman et al., 2015). Rapid 
improvements in on-farm technologies and herd monitoring systems warrants further 
investigation to quantify exactly what changes are occurring on farm and exactly how these 
changes are relevant to the US. 
Understanding what on-farm practices are effective or ineffective is important in 
improving performance and moving forward (Solís et al., 2009). In order to improve dairy farm 
profitability, producers must ensure that animal production and health are at optimal levels 
(Galligan, 2006). Therefore, producers must have an understanding of how efficient their farms 
are and how to improve upon their weaknesses (Rivelli et al., 2017). An evaluation of current 
Illinois on-farm practices may aid in bridging the gap between the farmer and the consumer.  
In 2017, the University of Illinois Dairy Focus Team evaluated nutritional, reproductive, 
and young stock management practices on Illinois dairy farms via questionnaire and on-farm 
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visits and categorized these findings by region (northern Illinois vs. southern Illinois; Rivelli et 
al., 2017). Researchers revealed differences in ensiling practices, breeding programs, and feeding 
management strategies for calves (Rivelli et al., 2017). However, little information was gathered 
regarding current practices for milk quality, facilities, and field. Therefore, the objective of this 
study was to characterize Illinois dairy farm demographics, milk quality, facilities, feed, and 
field management practices to evaluate strengths and areas of opportunity for future research 
most relevant to the state. The results of the survey may help ensure that future research on the 
best practices of dairy farms in Illinois is relevant to producers in the Midwest and throughout 
the country.  
 
MATERIALS AND METHODS 
Research approval 
The University of Illinois Institutional Review Board (IRB # 16957) approved all 
procedures that were performed in this research trial. Prior to answering the questionnaire and 
sampling, all participants read and signed a consent letter that ensured confidentiality.  
Survey distribution 
The survey was initially distributed to every dairy farmer on file (n = 680) as reported by 
the Illinois Milk Producers’ Association by way of mail on September 7, 2016. The survey was 
also made available online: http://qeasttrial.co1.qualtrics.com/jfe/form/SV_4IrNI0ST67sUPY1. 
Responders to the first round of surveys (either the hard copy or online) were recorded and then 
the farm and producer names were removed from the returned surveys in order to keep answers 
confidential and unbiased during analysis. Producers were incentivized to fill out and return the 
survey by November 1, 2016. The incentive included a chance to win 1 of 10 $100 gift cards to 
172 
 
NASCO. A postcard reminder to fill out and return the survey was mailed to all producers who 
had not responded on October 20, 2016 (n = 617). Ten winners were randomly selected on 
November 2, 2016 and were mailed gift cards in mid-November, 2016. Producers who had not 
yet responded were again sent a hard copy of the survey on May 9, 2017 (n = 580). All returned 
surveys were recorded, given a number, and the names of the farm and producer(s) were 
removed.  
Survey question selection and formatting 
The final survey consisted of a total of 92 questions on 22 pages with the first page 
containing a letter to the producer along with a consent form and statement of confidentiality on 
the front of that page and a press release with more information about the survey on the back of 
the page. This press release also contained information on how to access the survey online. The 
survey contained 5 different sections each with specific multiple choice, check all that apply, 
ranking, or open-ended questions on farm demographics, milk quality, facilities, feed, and field. 
The survey in its entirety can be seen in Appendix B. 
Inclusion criteria and survey return rate 
Approximately 95 usable surveys were returned after the first round were mailed and 29 
were returned after the second round of surveys were mailed for a total of 124 number of 
returned, usable surveys. A total of 45 of surveys were unusable due to: no such address (n = 30), 
incomplete answers (n = 3), no longer in the dairy business (n = 10), not willing to participate (n 
= 1), or were farming dairy goats rather than dairy cows (n = 1). A total of 6 surveys were 
returned without a name provided but were still included in the data set if completed. A total of 3 
surveys were completed online with 7 initiated but never finished. Overall, a 20.8% return rate 
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was observed ([ "#$%&%'&()*')*")*"] 	× 100%). Surveys were not included in the analysis if they were 
incomplete, no longer in the dairy business, or farming dairy goats instead of dairy cows. 
Statistical analyses 
Farms were categorized as large or small by determining the median number of cows for 
all farms (90 cows) and using that value as a threshold. Farms with number of cows greater than 
the median (> 90 cows) were considered large (LG) and farms with number of cows below the 
median (≤ 90 cows) were considered small (SM). Statistical analysis was performed using SAS 
(v9.4 Institute Inc., Cary, NC). The MEANS and UNIVARIATE procedures in SAS were 
used to determine mean, median, SD, and range for comparisons of continuous variables. 
Frequencies for all categories were calculated individually using the FREQ procedure. 
Statistical evidence for significance for categorical variables was done by utilizing the Chi-
square analysis in the FREQ procedure in SAS. Statistical significance was declared at P ≤ 
0.05 and trends at 0.05 < P ≤ 0.10.  
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TABLES 
 
Appendix 3.1. Summary of responses by Illinois dairy producers (n = 133) to questions related to milk quality, facilities, and feed including corresponding 
means, median, SD, and range of continuous variables for small, large, and all dairy farms. 
 Farm Size1 
 Small Large All Farms 
Variable Mean Median SD Range Mean Median SD Range Mean Median SD Range 
Milk Quality             
Number of lactating cows 51 50 19 18-90 226 150 189 93-927 137 90 159 18-927 
Rolling herd average 21,255 21,000 4,014 13,600-30,400 23,793 23,215 3,385 
17,500-
31,000 22,536 22,300 3,906 
13,600-
31,000 
Highest SCC2 396,182 383,000 173,992 21,000-811,000 313,392 320,000 120,460 
23,000-
602,000 
352,64
6 349,000 153,329 
21,000-
811,000 
Average SCC 223,353 220,000 90,413 22,000-400,000 209,429 201,000 54,538 
110,000-
350,000 
215,88
5 204,000 73,356 
220,00-
400,000 
Lowest SCC 141,473 130,000 65,349 23,000-306,000 151,449 157,000 57,433 
145,000-
320,000 
146,71
9 144,000 61,248 
145,000-
320,000 
Cows dried off on a set schedule, 
% 86 90 17 25-100 91 90 7 70-100 88 90 13 25-100 
Cows dried off based on minimum 
milk production level, % 18 10 20 0-75 10 10 6 0-25 14 10 15 0-75 
Cows dried off by:             
Abruptly stopping milking, % 73 100 39 0-100 86 100 31 0-100 80 100 36 0-100 
Skipping milking before 
complete dry-off, % 69 90 40 0-100 59 90 44 0-100 65 90 41 0-100 
Other, % 3 0 6 0-10 6 6 5 0-10 5 2 5 0-10 
             
Hours cows were without feed at 
dry-off 9 6 11 0-36 10 8 9 0-24 9 6 10 0-36 
Hours cows were without water at 
dry-off 1 0 2 0-5 4 0 6 0-12 2 0 4 0-12 
Cows treated with dry-cow IMM 
antibiotics at dry-off, % 83 100 35 0-100 89 100 29 0-100 86 100 32 0-100 
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Of cows treated with dry-cow 
IMM antibiotics, what percent 
were given the following 
antibiotics: 
            
Spectramast DC (ceftiofur 
hydrochloride), % 62 80 41 0-100 60 85 41 1-100 61 83 41 0-100 
Cefa–Dri/ Tomorrow 
(cephapirin brnzathine) , % 76 100 38 0-100 86 100 28 0-100 81 100 33 0-100 
Boviclox;Dry–Clox, Dry–
Clox; Intramammary  
Infusion; Orbenin–DC 
(cloxacilin benzathine) , % 
31 5 45 0-100 40 38 39 0-100 36 18 41 0-100 
Gallimycin-Dry 
(erythromycin) , % 0 0 0 0 0 0 0 0 0 0 0 0 
Biodry (novobiocin) , % 33 0 52 0-100 13 0 25 0-50 25 0 41 0-100 
Hanford’s/US Vet Go Dry 
(penicillin G procaine) , % 5 0 11 0-25 0 0 0 0 4 0 9 0-25 
Quartermaster Dry Cow 
Treatment (penicillin G  
procaine/dihydrostreptomycin
) , % 
62 85 42 0-100 47 50 41 0-100 55 55 42 0-100 
Albadry Plus Suspension 
(penicillin G procaine 
/novobiocin), % 
28 10 38 0-100 30 2 44 0-100 28 10 38 0-100 
Other, % 32 0 46 0-100 21 1 44 0-100 26 0 43 0-100 
Facilities             
If you recycled any sand what 
percent of sand was recycled? 0 0 0 0 54 60 34 0-90 45 60 38 0-90 
If you recycled any sand, how 
much did you still have to 
buy/month? 
0 0 0 0 41 30 30 15-100 41 30 30 15-100 
Reported sand DM 
%1onlyoneresponseeach 90 - - - 93 - - - 92 92 2 90-93 
Reported sand organic matter 
%0responses given - - - - - - - - - - - - 
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Feed             
Cows receiving water from ground 
or well water, % 97 100 13 10-100 78 100 38 0-100 88 100 29 0-100 
Cows receiving water from 
surface water (ponds, lakes, 
streams), % 
21.5 1 36 0-100 50 50 46 0-100 39 10 44 0-100 
Field             
Silage stored in bunker, % 47 50 37 0-100 70 98 40 1-100 65 90 40 0-100 
Silage stored in bag, % 60 50 33 2-100 65 73 36 2-100 62 55 34 2-100 
Silage stored in pile, % 50 50 71 0-100 64 70 39 0-100 62 70 41 0-100 
Silage stored in upright silo, % 69 75 30 0-100 44 33 30 0-100 60 50 32 0-100 
Silage stored in oxygen limiting 
silo, % 35 35 49 0-70 43 50 33 0-90 41 50 33 0-90 
1Median total number of cows = 90, therefore farms with ≤90 cows were considered small (n=68) and farms with >90 cows were considered large (n=65). 
2Somatic cell count 
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Appendix 3.2. Summary of responses by Illinois dairy producers (n = 133) to questions related to 
farm demographics including n and percent of total responders for each response choice and a Chi-
square analysis for comparison of binary or categorical variables.  
Question 
Farm size1 
P-Value2 Small Large 
Demographics n %, total responders n 
%, total 
responders 
Age range of the owner(s)     0.05 
<30 years (1) 1 0.76 0 0.00 0.33 
31-40 years (2) 6 4.55 7 5.30 0.69 
41-50 years (3) 8 6.06 6 4.55 0.65 
51-60 years (4) 19 14.39 20 15.15 0.68 
>60 years (5) 27 20.45 13 9.85 0.02 
Other3 7 5.30 18 13.64 0.009 
      
Level of education of the owner(s)     0.44 
High school (1) 20 18.87 21 19.81 0.68 
Technical college (2) 5 4.72 7 6.60 0.48 
Bachelor’s degree (3) 18 16.98 15 14.15 0.69 
Master’s degree (4) 3 2.83 1 0.94 0.34 
Other4 5 4.72 11 10.38 0.08 
      
Level of education of the employees     0.05 
High school (1) 16 17.98 39 43.82 <0.0001 
Technical college (2) 5 5.62 7 7.87 0.48 
Bachelor’s degree (3) 8 8.99 3 3.37 0.14 
Master’s degree (4) 0 0.00 0 0.00 - 
Other5 5 5.62 6 6.74 0.68 
      
What type of operation did you have in 
2015? 
    0.33 
Organic 1 0.75 0 0.00 - 
Not organic/conventional 68 51.13 64 48.12 0.97 
      
How long do you expect the farm will be 
in business? 
    0.04 
<5 years 9 7.14 2 1.59 0.04 
5 – 10 years 13 10.32 8 6.35 0.30 
>10 years 43 34.13 51 40.48 0.04 
      
After retiring, who are you expecting to 
own your farm? 
    0.57 
Owned by the next generation 51 40.48 55 43.65 0.13 
Owned by other 11 8.73 9 7.14 0.73 
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How do you keep records?     0.0002 
No records (1) 0 0.00 1 0.78 - 
Handwritten (2) 38 29.69 12 9.38 <0.0001 
Online computer (or on farm) (3) 17 13.28 26 20.31 0.06 Offline computer (off farm) (4) 4 3.13 4 3.13 
Other6 7 5.47 19 14.84 0.05 
      
When implementing new ideas, which of 
the following factors were important in 
guiding your decision: 
    
 
Advice from consultants or veterinarians     0.30 
Not important 1 0.75 0 0.00 - 
Important 39 29.32 31 23.31 0.31 
Very important 28 21.05 34 25.56 0.17 
      
Conferences/meetings     0.55 
Not important 17 13.18 13 10.08 0.52 
Important 44 34.11 42 32.56 0.92 
Very important 5 3.88 8 6.20 0.32 
      
Consultation with business partners or 
family members 
    0.08 
Not important 7 5.30 2 1.52 0.10 
Important 32 24.24 25 18.94 0.35 
Very important 28 21.21 38 28.79 0.04 
      
Consultation with other farmers     0.83 
Not important 6 4.48 5 3.73 0.83 
Important 45 33.58 40 29.85 0.66 
Very important 18 13.43 20 14.93 0.55 
      
Internet resources     0.40 
Not important 32 25.60 26 20.80 0.46 
Important 25 20.00 32 25.60 0.13 
Very important 4 3.20 6 4.80 0.45 
      
Printed magazines/publications     0.97 
Not important 11 8.27 10 7.52 0.93 
Important 49 36.84 48 36.09 0.71 
Very important 8 6.02 7 5.26 0.88 
      
University extension programs     0.34 
Not important 15 12.00 10 8.00 0.35 
Important 43 34.40 43 34.40 0.64 
Very important 5 4.00 9 7.20 0.21 
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1Median total number of cows = 90, therefore farms with ≤ 90 cows were considered small (n = 68) 
and farms with > 90 cows were considered large (n = 65). 
2Chi-square analysis 
3Multiple answers given, specific combinations listed: 1,4 (n = 4); 1,5 (n = 1); 2,3 (n = 1); 2,4 (n 
= 3); 2,5 (n = 3); 3,4 (n = 1); 3,5 (n = 6); 4,5 (n = 1); 1,3,5 (n = 1); 2,4,5 (n = 2); 1,2,3,5 (n = 1). 
4Multiple answers given, specific combinations listed: 1,2 (n = 6); 1,3 (n = 5); 2,3 (n = 2); 3,4 (n = 
1); 1,2,3 (n = 2). 
5Multiple answers given, specific combinations listed: 1,2 (n = 7); 1,3 (n = 2); 2,3 (n = 1); 1,2,3 (n = 
1). 
6 Multiple answers given, specific combinations listed: 2,3 (n = 20); 2,3 (n = 2); 3,4 (n = 3); 2,3,4 (n 
= 1). 
7 Multiple answers given, specific combinations listed: 2,3 (n = 2); 3,4 (n = 1). 
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How often do you or the farm’s employees 
attend farming conferences or meetings? 
    0.29 
Never 10 7.94 8 6.35 0.71 
Monthly 1 0.79 5 3.97 0.08 
Quarterly 6 4.76 11 8.73 0.15 
Twice per year 22 17.46 19 15.08 0.74 
Annually 24 19.05 20 15.87 0.62 
      
What type of computer record system do 
you have? 
    0.15 
Dairy Comp 305 (1) 2 3.45 4 6.90 0.36 
PCDart (2) 12 20.69 33 56.90 <0.0001 
DHI- Plus (3) 2 3.45 0 0.00 0.17 
Dairy Plan (4) 1 1.72 1 1.72 0.97 
Other7 0 0.00 3 5.17 0.07 
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Appendix 3.3. Summary of responses by Illinois dairy producers (n = 133) to questions related 
to milk quality including n and percent of total responders for each response choice and a Chi-
square analysis for comparison of binary or categorical variables. 
Question 
Farm size1 
P-Value2 Small Large 
Milk Quality n % of total responders n 
%, total 
responders 
What company or cooperative bought most 
of the milk you produced?     0.64 
   Prairie Farms 30 22.56 35 26.32 0.23 
   Midwest Dairymen 8 6.02 7 5.26 0.88 
   Dairy Farmers of America 6 4.51 4 3.01 0.58 
   Dean Foods 4 3.01 5 3.76 0.66 
   Foremost Farms 6 4.51 2 1.50 0.17 
   Swiss Valley Farms 5 3.76 2 1.50 0.28 
   Brewster Cheese 4 3.01 2 1.50 0.45 
   Stockton Cheese, Inc. 0 0.00 2 1.50 0.14 
   Torkelson Cheese Co. 1 0.75 1 1.50 0.97 
   Other3 4 3.01 4 3.01 0.66 
      
Number of times per day the majority of 
your cows were milked     0.008 
   1 1 0.75 0 0.00 0.33 
   2 65 48.51 51 38.06 0.008 
   3 3 2.24 14 10.45 0.003 
      
Month of the highest SCC     0.16 
   January 1 1.00 0 0.00 0.33 
   February 0 0.00 1 1.00 0.30 
   March 5 5.00 3 3.00 0.52 
   April 3 3.00 1 1.00 0.34 
   May 3 3.00 1 1.00 0.34 
   June 2 2.00 4 4.00 0.36 
   July 12 12.00 7 7.00 0.27 
   August 13 13.00 23 23.00 0.03 
   September 6 6.00 6 6.00 0.91 
   October 0 0.00 3 3.00 0.07 
   November 2 2.00 1 1.00 0.59 
   December 3 3.00 0 0.00 0.09 
      
Month of the lowest SCC     0.20 
   January 7 7.07 8 8.08 0.69 
   February 5 5.05 5 5.05 0.92 
   March 3 3.03 8 8.08 0.09 
   April 6 6.06 9 9.09 0.34 
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   May 3 3.03 9 9.09 0.05 
   June 3 3.03 0 0.00 0.09 
   July 1 1.01 2 2.02 0.52 
   August 1 1.01 1 1.01 0.97 
   September 4 4.04 1 1.01 0.19 
   October 7 7.07 3 3.03 0.22 
   November 4 4.04 2 2.02 0.44 
   December 5 5.05 2 2.02 0.28 
      
Did your farm have an SOP?     0.04 
   Yes 33 26.19 44 34.92 0.03 
   No 30 23.81 19 15.05 0.08 
      
Were milk cultures performed on any of 
the following:     0.23 
Individual cows (1) 29 26.85 24 22.22 0.55 
Bulk tank milk (2) 12 11.11 9 8.33 0.57 
String samples (samples representing a 
group/pen of cows) (3) 1 0.93 0 0.00 0.33 
Other4 12 11.11 21 19.44 0.05 
      
What types of cows were typically selected 
for milk culturing?     0.007 
Fresh cows (1) 1 1.05 0 0.00 0.33 
All clinical mastitis cases (2) 2 2.11 2 2.11 0.95 
Clinical mastitis cases that did not 
respond to treatment (3) 10 10.53 13 13.68 0.40 
High somatic cell count cows (4) 21 22.11 5 5.26 0.0009 
Other5 15 15.79 26 27.37 0.02 
      
Were any of the following organisms 
identified from milk cultured?     0.59 
Strep. Agalactiae (1) 1 1.25 0 0.00 0.33 
Staph. Aureus (2) 8 10.00 6 7.50 0.65 
Mycoplasma (3) 0 0.00 1 1.25 0.30 
E coli, Klebsiella/other gram negative (4) 1 1.25 0 0.00 0.33 
Coagulase neg staph (Staph. spp.) non-
aureus (5) 0 0.00 1 1.25 0.30 
Environmental strep (Strep spp.) non-
agalactiae (6) 5 6.25 7 8.75 0.48 
Other6 24 30.00 26 32.50 0.53 
      
Of the following people listed, who were 
responsible for diagnosing mastitis?     <0.0001 
Owner (1) 31 24.80 7 5.60 <0.0001 
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Milkers (2) 5 4.00 9 7.20 0.21 
Manager/herdsman (3) 4 3.20 2 1.60 0.45 
Other7 21 17.60 45 36.00 <0.0001 
      
Did the mastitis treatment protocol 
involve:     0.59 
Moving cows to a separate milking pen 
(1) 0 0.00 0 0.00 - 
Intramammary antibiotics (2) 10 8.33 9 7.50 0.91 
Systemic antibiotics (3) 0 0.00 0 0.00 - 
Frequent stripping of affected quarter (4) 1 0.83 0 0.00 0.33 
Early dry-off (5) 1 0.83 0 0.00 0.33 
Organic/homeophatic remedies (6) 1 0.83 0 0.00 0.33 
Other8 50 41.67 48 40.00 0.86 
      
Were milk samples tested for antibiotic 
residues from:     0.29 
Fresh cows (1) 0 0.00 0 0.00 - 
Individual cows recently treated with 
antibiotics (2) 19 16.81 14 12.39 0.42 
Bulk tank before processor pick up (3) 1 0.88 4 3.54 0.15 
Other9 38 33.63 37 32.74 0.83 
      
Which of the following management 
practices did this operation use at dry-off?     0.06 
Perform California Mastitis Test (CMT) 
or other individual cow SCC test  (1) 3 2.40 3 2.40 0.94 
Reduce the quality/energy content of 
feed (2) 25 20.00 16 12.80 0.14 
Restrict access to feed (3) 6 4.80 0 0.00 0.02 
Restrict access to water (4) 0 0.00 0 0.00 - 
None (5) 23 18.40 30 24.00 0.13 
Other10 8 6.40 11 8.80 0.38 
      
Were intramammary antibiotics used at 
dry-off?     0.03 
Dry cow treatments (1) 15 12.00 4 3.20 0.01 
All cows (2) 10 8.00 9 7.20 0.91 
Based on SCC (3) 1 0.80 1 0.80 0.97 
Based on history of mastitis 
(clinical/chronic) (4) 2 1.60 0 0.00 0.17 
Based on milk production (5) 0 0.00 0 0.00 - 
During adverse weather only (6) 0 0.00 0 0.00 - 
During one or more seasons (7) 0 0.00 0 0.00 - 
Other11 34 27.20 49 39.20 0.002 
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1Median total number of cows = 90, therefore farms with ≤90 cows were considered small (n = 68) 
and farms with >90 cows were considered large (n = 65). 
2Chi-square analysis 
3Ropp Jersey Cheese (n = 1); Rolling Hills (n = 1); Mt. Chevera, WI (n = 1); Dairy Marketing 
Services (n = 1); Organic Valley (n = 1); Cenic Central (n = 1); Decater Dairy (n = 1); Grande 
Cheese (n = 1). 
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Were internal teat sealant antibiotics used 
at dry-off?     0.26 
Dry cow treatments (1) 7 9.09 6 7.79 0.86 
All cows (2) 9 11.69 9 11.69 0.89 
Based on SCC (3) 2 2.60 0 0.00 0.17 
Based on history of mastitis 
(clinical/chronic) (4) 1 1.30 1 1.30 0.97 
Based on milk production (5) 0 0.00 0 0.00 - 
During adverse weather only (6) 0 0.00 0 0.00 - 
During one or more seasons (7) 0 0.00 0 0.00 - 
Other12 14 18.18 28 36.36 0.005 
      
Were external teat sealant antibiotics used 
at dry-off?     0.41 
Dry cow treatments (1) 3 10.34 3 10.34 0.94 
All cows (2) 4 13.79 4 13.79 0.93 
Based on SCC (3) 2 6.90 0 0.00 0.17 
Based on history of mastitis 
(clinical/chronic) (4) 2 3.45 1 3.45 0.97 
Based on milk production (5) 0 0.00 0 0.00 - 
During adverse weather only (6) 0 0.00 0 0.00 - 
During one or more seasons (7) 0 0.00 0 0.00 - 
Other13 11 10.34 3 27.59 0.09 
      
Was it standard procedure to clean teat 
ends with alcohol pads before 
administering dry-cow IMM antibiotcs? 
    0.41 
   Yes 55 43.31 49 38.58 0.66 
   No 10 7.87 13 10.24 0.38 
      
Was any raw milk consumed by dairy 
personnel?     0.02 
   Yes 42 32.31 28 21.54 0.04 
   No 24 18.46 36 27.69 0.02 
      
Was any raw milk sold for consumption by 
non-dairy personnel?     0.35 
   Yes 6 4.62 3 2.31 0.35 
   No 61 46.92 60 46.15 0.45 
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4Multiple answers given, specific combinations listed: 1,2 (n = 29); 2,3 (n = 1); 1,2,3 (n = 3). 
5Multiple answers given, specific combinations listed: 1,2 (n = 1); 1,3 (n = 1); 1,4 (n = 5); 2,3 (n = 
3); 2,4 (n = 5); 3,4 (n = 16); 1,2,4 (n = 2); 2,3,4 (n = 5); 1,2,3,4 (n = 3). 
6Multiple answers given, specific combinations listed: 1,2 (n = 6); 1,4 (n = 1); 1,5 (n = 1); 1,6 (n = 
2); 2,4 (n = 1); 2,6 (n = 10); 4,5 (n = 1); 4,6 (n = 1); 1,2,3 (n = 1); 1,2,4 (n = 4); 1,2,6 (n = 2); 1,4,5 
(n = 1); 2,4,5 (n = 1); 2,4,6 (n = 2); 2,5,6 (n = 1); 4,5,6 (n = 2); 1,2,4,5 (n = 1); 1,2,4,6 (n = 3); 
2,3,4,5 (n = 1); 1,2,4,5,6 (n = 1); 2,3,4,5,6 (n = 1); 1,2,3,4,5,6 (n = 1). 
7Multiple answers given, specific combinations listed: 1,2 (n = 34); 1,3 (n = 9); 2,3 (n = 10); 1,2,3 
(n = 13). 
8Multiple answers given, specific combinations listed: 1,2 (n = 3); 1,3 (n = 1); 1,4 (n = 1); 2,3 (n = 
17); 2,4 (n = 15); 2,5 (n = 5); 2,6 (n = 2); 3,4 (n = 2); 4,5 (n = 2); 4,6 (n = 2); 5,6 (n = 1); 1,2,3 (n = 
8); 1,2,4 (n = 1); 1,2,5 (n = 1); 2,3,4 (n = 6); 2,3,5 (n = 3); 2,3,6 (n = 1); 2,4,5 (n = 4); 2,4,6 (n = 2); 
3,4,6 (n = 2); 1,2,3,4 (n = 3); 1,2,3,5 (n = 2); 1,2,3,6 (n = 1); 1,2,4,5 (n = 1); 1,3,4,5 (n = 1); 2,3,4,5 
(n = 7); 1,2,3,4,5 (n = 3); 1,2,3,4,5,6 (n = 1). 
9Multiple answers given, specific combinations listed: 1,2 (n = 40); 1,3 (n = 4); 2,3 (n = 9); 1,2,3 (n 
= 22). 
10Multiple answers given, specific combinations listed: 1,2 (n = 53); 1,3 (n = 4); 1,4 (n = 1); 2,3 (n 
= 2); 3,4 (n = 10); 1,3,4 (n = 2). 
11Multiple answers given, specific combinations listed: 1,2 (n = 68); 1,4 (n = 2); 1,5 (n = 1); 3,4 (n 
= 3); 1,2,4 (n = 1); 1,4,7 (n = 1); 1,2,3,4 (n = 5); 1,2,3,7 (n = 1); 1,2,3,4,5 (n = 1). 
12Multiple answers given, specific combinations listed: 1,2 (n = 38); 3,4 (n = 2); 1,2,7 (n = 1); 
1,2,3,4 (n = 1). 
13Multiple answers given, specific combinations listed: 1,2 (n = 8); 1,3 (n = 9); 1,4,7 (n = 1); 4,5,6,7 
(n = 1). 
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Appendix 3.4. Summary of responses by Illinois dairy producers (n = 133) to questions related 
to farm facilities including n and percent of total responders for each response choice and a Chi-
square analysis for comparison of binary or categorical variables. 
Question 
Farm size1 
P-Value2 Small Large 
Facilities n % of total responders n 
%, total 
responders 
What was the primary housing type used 
for lactating dairy cows?     <0.0001 
Dry lot (1) 1 0.76 0 0.00 0.33 
Freestall (2) 26 19.85 54 41.22 <0.0001 
Bedded pack barn or equivalent type 
system (3) 4 3.05 0 0.00 0.05 
Pasture (4) 1 0.76 0 0.00 0.33 
Stanchion (5) 8 6.11 0 0.00 0.005 
Tie stall (6) 8 6.11 1 0.76 0.02 
Other3 20 15.27 8 6.11 0.02 
      
What was the primary housing type used 
for dry dairy cows?     0.11 
Dry lot (1) 5 3.82 1 0.76 0.11 
Freestall (2) 11 8.40 20 15.27 0.04 
Bedded pack barn or equivalent type 
system (3) 19 14.50 19 14.50 0.83 
Pasture (4) 3 2.29 1 0.76 0.34 
Stanchion (5) 1 0.76 0 0.00 0.33 
Tie stall (6) 3 2.29 0 0.00 0.09 
Other4 26 19.85 22 16.79 0.64 
      
Were close-up cows housed separately 
from other dry cows?     0.001 
   Yes 23 17.42 41 31.06 0.0006 
   No 44 33.33 24 18.18 0.002 
      
What was the primary milking facility used 
on this operation?     <0.0001 
Parlor 33 26.19 51 40.48 0.0002 
Tie stall or stanchion barn 32 25.40 10 7.94 0.0001 
      
If you answered parlor, which of the 
following best describes the primary 
milking parlor on this operation? 
    0.0063 
Side opening (tandem) (1) 3 3.49 1 1.16 0.34 
Herringbone (fishbone) (2) 18 20.93 18 20.93 0.83 
Parallel (side by side) (3) 5 5.81 25 29.07 <0.0001 
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Parabone (herringbone/parallel hybrid) 
(4) 2 2.33 6 6.98 0.12 
Swing (5) 0 0.00 2 2.33 0.14 
Rotary (carousel) (6) 0 0.00 0 0.00 - 
Flat barn (7) 2 2.33 1 1.16 0.59 
Other5 3 3.49 0 0.00 0.09 
      
What was the primary bedding for 
lactating cows?     0.009 
Straw and/or hay 18 17.65 7 6.86 0.04 
Sand 20 19.61 43 42.16 <0.0001 
Sawdust/wood products 4 3.92 3 2.94 0.76 
Composted manure 0 0.00 2 1.96 0.14 
Dried manure 0 0.00 0 0.00 - 
Rubber mats 2 1.96 0 0.00 0.17 
Shredded newspaper 0 0.00 0 0.00 - 
Mattresses 1 0.98 1 0.98 0.97 
Corn cobs and stalks 0 0.00 0 0.00 - 
Water beds 0 0.00 1 0.98 0.30 
None – housed only on dirt/pasture 0 0.00 0 0.00 - 
      
What was the primary bedding for dry 
cows?     0.48 
Straw and/or hay 24 25.53 18 19.15 0.38 
Sand 11 11.70 19 20.21 0.07 
Sawdust/wood products 2 2.13 0 0.00 0.17 
Composted manure 1 1.06 1 1.06 0.97 
Dried manure 0 0.00 0 0.00 - 
Rubber mats 0 0.00 0 0.00 - 
Shredded newspaper 0 0.00 0 0.00 - 
Mattresses 1 1.06 1 1.06 0.97 
Corn cobs and stalks 6 6.38 4 4.26 0.58 
Water beds 0 0.00 1 1.06 0.30 
None – housed only on dirt/pasture 3 3.19 2 2.13 0.70 
      
If the primary bedding was sand, where did 
you get the sand from?     1.00 
   Local quarry 4 8.89 9 20.00 0.12 
   Gravel pit 2 4.44 5 11.11 0.21 
   Sand pit 1 2.22 2 4.44 0.52 
   Other6 7 15.56 15 33.33 0.04 
      
If primary bedding was sand, did you 
recycle sand?     0.04 
   Yes 0 0.00 8 13.56 0.003 
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1Median total number of cows = 90, therefore farms with ≤ 90 cows were considered small (n = 68) 
and farms with >90 cows were considered large (n = 65). 
2Chi-square analysis 
3Multiple answers given, specific combinations listed: 1,2 (n = 2); 2,4 (n = 10); 2,6 (n = 1); 3,4 (n = 
2); 3,5 (n = 2); 4,5 (n = 2); 4,6 (n = 3); 1,3,5 (n = 1); 2,3,4 (n = 1); 2,3,5 (n = 1); 2,3,6 (n = 1); 3,4,6 
(n = 1); 3,4,5,6 (n = 1).  
4Multiple answers given, specific combinations listed: 1,2 (n = 5); 1,3 (n = 4); 1,4 (n = 2); 2,3 (n = 
3); 2,4 (n = 12); 3,4 (n = 17); 4,5 (n = 2); 4,6 (n = 2); 1,2,4 (n = 1). 
5Multiple answers given, specific combinations listed: 2,3 (n = 1); 4,5 (n = 2).  
6Other local sources provided 
7Multiple answers given, specific combinations listed: 1,4 (n = 1).  
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   No 19 32.20 32 54.24 0.01 
      
If you recycled any sand, how did you do 
it?     0.43 
Non-mechanical separation 1 9.09 6 54.55 0.04 
Mechanical separation 0 0.00 4 36.36 0.04 
      
Type of sand     0.74 
Fine (1) 14 24.14 31 53.45 0.0008 
Coarse (2) 3 5.17 9 15.52 0.05 
      
Bedding quantity     0.43 
Base not exposed, bedding level with 
curb (1) 11 15.28 27 37.50 0.001 
Base not exposed, bedding slightly 
dished out (2) 8 11.11 15 20.83 0.08 
Base exposed (less than 50%) (3) 5 6.94 3 4.17 0.52 
Base mostly exposed (more than 50%) 
(4) 0 0.00 1 1.39 0.30 
No bedding present (5) 0 0.00 1 1.39 0.30 
Other7 0 0.00 1 1.39 0.30 
      
Days between bedding additions/changes     0.005 
1 to 2 9 11.69 3 3.90 0.09 
3 to 4 1 1.30 11 14.29 0.002 
5 to 6 4 5.19 12 15.58 0.02 
>7 14 18.18 23 29.87 0.05 
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Appendix 3.5. Summary of responses by Illinois dairy producers (n = 133) to questions related 
to feed management including n and percent of total responders for each response choice and a 
Chi-square analysis for comparison of binary or categorical variables. 
Question 
Farm size1 
P-Value2 Small Large 
Feed n % of total responders n 
%, total 
responders 
Did a nutritionist aid in formulating diets 
in 2015?     0.0008 
Yes – I rely quite heavily on a 
nutritionist 43 32.33 56 42.11 0.002 
Yes – but he/she only does major 
formulations, I tweak it 16 12.03 8 6.02 0.10 
No – I (or someone on the farm) 
formulate the diet 10 7.52 0 0.00 0.001 
      
Which of the following describes how the 
majority of lactating cows were fed?     0.03 
All lactating cows fed the same ration 54 41.54 50 38.46 0.98 
Individual cows or groups of cows fed 
based on production/stage of lactation 14 10.77 7 5.38 0.14 
Individual cows or groups of cows fed 
based on number, such as first lactation 
cows fed separately 
0 0.00 5 3.85 0.02 
      
Who was primarily responsible for 
balancing rations fed to dairy cows?     0.01 
Employee (not a veterinarian) (1) 0 0.00 0 0.00 - 
Independent nutritionist (2) 11 8.33 24 18.18 0.006 
Feed company nutritionist (3) 40 30.30 28 21.21 0.08 
Veterinarian (4) 0 0.00 0 0.00 - 
Operator/owner (5) 14 10.61 6 4.55 0.07 
Other3 3 2.27 6 4.55 0.26 
      
Did this operation use forage test results to 
balance feed rations?     0.003 
   Yes 60 45.11 64 48.12 0.01 
   No 9 6.77 0 0.00 0.003 
      
Did this operation feed a TMR?     <0.0001 
   Yes 32 24.06 60 45.11 <0.0001 
   No 37 27.82 4 3.01 <0.0001 
      
How do you deliver diets to cows on the 
farm?     <0.0001 
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Component fed: forage in the lots with 
grain in the parlor (1) 16 12.50 4 3.13 0.01 
As a TMR in the lots (2) 34 26.56 57 44.53 <0.0001 
Cows are on pasture with grain in the 
parlor (3) 9 7.03 1 0.78 0.01 
Other4 6 4.69 1 0.78 0.06 
      
Which of the following feed management 
programs was primarily used on this 
operation? 
    0.08 
Ezfeed® (1) 0 0.00 0 0.00 - 
Feed Supervisor® (2) 0 0.00 1 0.93 0.30 
Feed Watch® (3) 0 0.00 0 0.00 - 
TMR Tracker™ (4) 1 0.93 5 4.63 0.08 
dg precision FEEDING™ system (5) 0 0.00 0 0.00 - 
None (6) 55 50.93 44 40.74 0.11 
Other5 0 0.00 2 1.85 0.14 
      
Do you regularly send feed samples for 
chemical testing?     <0.0001 
Yes – I send once a month 10 8.06 21 16.94 0.01 
Yes – I send 4 times a year (with 
season change) 17 13.71 29 23.39 0.01 
Yes – I send one sample a year 15 12.10 4 3.23 0.01 
No – I do not send feed samples to a 
commercial lab for testing 23 18.55 5 4.03 0.0003 
      
How often do employees shake out a TMR 
in the Penn State Particle Seperator?     0.42 
Every day 0 0.00 0 0.00 - 
Weekly 0 0.00 2 6.67 0.14 
Biweekly 0 0.00 1 3.33 0.30 
Monthly 3 10.00 3 10.00 0.94 
Quarterly 5 16.67 16 53.33 0.01 
      
How often do you measure TMR dry 
matter?     0.39 
Every day (1) 0 0.00 2 3.23 0.14 
Weekly (2) 3 4.84 8 12.90 0.09 
Biweekly (3) 0 0.00 5 8.06 0.02 
Monthly (4) 8 12.90 14 22.58 0.12 
Quarterly (5) 8 12.90 12 19.35 0.26 
Other6 0 0.00 2 3.23 0.14 
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1Median total number of cows = 90, therefore farms with ≤ 90 cows were considered small (n = 68) 
and farms with > 90 cows were considered large (n = 65). 
2Chi-square analysis 
3Multiple answers given, specific combinations listed: 1,3 (n = 1); 2,3 (n = 3); 2,5 (n = 1); 3,5 (n = 
4).  
4Multiple answers given, specific combinations listed: 1,2 (n = 7).  
5Multiple answers given, specific combinations listed: 2,3 (n = 2). 
6Multiple answers given, specific combinations listed: 1,2 (n = 1); 3,4 (n = 1).  
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Did any dairy cows ever drink from the 
following sources?     0.67 
A cup/bowl waterer? 2 1.55 3 2.33 0.60 
A water tank or trough (covered or 
uncovered) 38 29.46 36 27.91 0.97 
A lake, pond, stream, river, etc. 0 0.00 1 0.78 0.30 
Another source 27 20.93 22 17.05 0.53 
      
Did you include an aflatoxin binder in your 
mineral mix?     0.99 
Yes – we include a clay (1) 12 10.71 11 9.82 0.94 
Yes – we include an algae binder (2) 1 0.89 1 0.89 0.97 
Yes – we include yeast (3) 11 9.82 8 7.14 0.55 
No – we do not (4) 29 25.89 27 24.11 0.95 
Other7 7 6.25 5 4.46 0.62 
      
Did this operation perform any water 
quality testing of cattle drinking water?     0.09 
   Yes 36 29.27 25 20.33 0.11 
   No 27 21.95 35 28.46 0.09 
      
Main forage included in the diet     0.06 
Corn silage (1) 24 19.51 36 29.27 0.02 
Hay (2) 4 3.25 0 0.00 0.05 
Alfalfa (3) 3 2.44 1 0.81 0.34 
Haylage (4) 3 2.44 4 3.25 0.64 
Other8 28 22.76 20 16.26 0.24 
      
If corn silage for the above question, How 
much corn silage was included in the 
lactation diet? 
    0.17 
30-39% (1) 13 12.75 8 7.84 0.30 
40-49% (2) 13 12.75 16 15.69 0.42 
50-59% (3) 11 10.78 15 14.71 0.30 
60-69% (4) 6 5.88 15 14.71 0.02 
70-79% (5) 2 1.96 1 0.98 0.59 
Other9 2 1.96 0 0.00 0.17 
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7Multiple answers given, specific combinations listed: 1,2 (n = 3); 1,3 (n = 7); 2,3 (n = 1); 1,2,3 (n = 
1). 
8Multiple answers given, specific combinations listed: 1,2 (n = 3); 1,3 (n = 8); 1,4 (n = 9); 2,3 (n = 
4); 3,4 (n = 1); 1,2,3 (n = 6); 1,2,4 (n = 3); 1,3,4 (n = 3); 1,2,3,4 (n = 11).  
9Multiple answers given, specific combinations listed: 1,2 (n = 1); 4,5 (n = 1).  
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Appendix 3.6. Summary of responses by Illinois dairy producers (n = 133) to questions related 
to field management including n and percent of total responders for each response choice and a 
Chi-square analysis for comparison of binary or categorical variables. 
Question 
Farm size1 
P-Value2 Small Large 
Field n % of total responders n 
%, total 
responders 
Do you grow your own corn silage or do 
you have it contracted out? 
    0.07 
I grow my own corn and ensile corn 
silage at my farm 
58 46.40 64 51.20 0.004 
I contract out and buy corn silage 3 2.40 0 0.00 0.09 
      
If you grow your own corn, do you have an 
integrated pest management system? 
    0.27 
   Yes 44 36.67 52 43.33 0.03 
   No 14 11.67 10 8.33 0.46 
      
For your integrated pest management 
system, check all that apply: 
    0.73 
Fungicides (1) 0 0.00 0 0.00 - 
Herbicides (2) 3 2.78 2 1.85 0.70 
Insecticides (3) 0 0.00 0 0.00 - 
Hybrid seeds (4) 3 2.78 2 1.85 0.70 
Other3 46 42.59 52 48.15 0.08 
      
What were the corn varieties used?     0.07 
Brown midrib (BMR) based on milk 
production (1) 2 1.72 0 0.00 0.17 
Floury seeds (2) 1 0.86 0 0.00 0.33 
Hybrid conventional silage type (3) 23 19.83 18 15.52 0.48 
Non-GMO (4) 1 0.86 0 0.00 0.33 
Dual-purpose (5) 12 10.34 9 7.76 0.57 
Other4 17 14.66 33 28.45 0.002 
      
If you apply fungicide on corn, how do 
you know when to apply?     0.57 
It is a routine application during V5-V7 
in combination with herbicides (1) 1 0.97 1 0.97 0.97 
I routinely apply fungicide at VT-R1 (2) 1 0.97 1 0.97 0.97 
I routinely apply fungicide during R3-
R4 (3) 0 0.00 1 0.97 0.30 
My field is scouted routinely to make 
assessments for application (4) 14 13.59 22 21.36 0.08 
I do not apply fungicide (5) 34 33.01 26 25.24 0.28 
Other5 1 0.97 6 0.97 0.97 
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Did you have a problem with corn borer 
worms?     0.97 
Yes – my fields consistently have a 
problem 2 1.67 2 1.67 0.95 
  No – my fields do not have a problem 59 49.17 57 47.50 0.71 
      
Did you have any corn foliar disease?     0.35 
Corn rust (1) 4 8.00 7 14.00 0.29 
Northern corn leaf blight (2) 3 6.00 3 6.00 0.94 
Grey leaf spot (3) 15 30.00 9 18.00 0.23 
Other6 3 6.00 6 12.00 0.26 
      
Did you use an inoculant on your corn 
silage?     <0.0001 
Yes – when chopping  16 12.90 42 33.87 <0.0001 
Yes – when ensiling 23 18.55 9 7.26 0.008 
Yes – both (chopping and ensiling) 0 0.00 1 0.81 0.30 
No 22 17.74 10 8.06 0.03 
 0 0.00 1 0.81 0.30 
What was the average number of days corn 
was ensiled for before feeding to cows?     0.007 
0-49 days (1) 42 34.43 25 20.49 0.01 
50-99 days (2) 10 8.20 22 18.03 0.01 
100-149 days (3)  4 3.28 11 9.02 0.04 
150-199 days (4) 3 2.46 3 2.46 0.94 
Other7 0 0.00 2 1.64 0.14 
      
How do you know when to harvest corn 
for silage?     0.003 
I walk into the field and break open a 
corn cob and use the milk line as an 
estimate 
31 25.62 14 11.57 0.004 
I perform a dry matter test on corn for 
an estimation 6 4.96 19 15.70 0.002 
I use environmental conditions and 
growing degree days for an estimation 
of maturity 
0 0.00 2 1.65 0.14 
I use a contractor 1 0.83 4 3.31 0.15 
I just know 8 6.61 5 4.13 0.45 
Other8 15 12.40 16 13.22 0.69 
      
When harvesting corn for corn silage, do 
you run corn through a mechanical 
processor? 
    <0.0001 
Yes – 1 mm 16 13.68 33 28.21 0.001 
Yes – 4 mm 22 18.80 21 17.95 0.96 
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No, I do not use one 22 18.80 3 2.56 <0.0001 
      
When harvesting for corn silage, what do 
you set your length of chop to?     0.13 
¼ inch 4 3.33 2 1.67 0.45 
½ inch 13 10.83 10 8.33 0.60 
¾ inch 29 24.17 38 31.67 0.06 
3/8 inch 8 6.67 2 1.67 0.06 
I inch 2 1.67 6 5.00 0.12 
I do not know 4 3.33 2 1.67 0.45 
      
Who is in charge of harvesting?     0.39 
Custom chopper (1) 23 18.11 21 16.54 0.90 
Yourself (2) 39 30.71 39 30.71 0.68 
Other9 1 0.79 4 3.15 0.15 
      
Do you know how the corn was processed?     0.0004 
Kernel processed 39 32.77 55 46.22 0.0004 
Not kernel processed 18 15.13 2 1.68 0.0002 
Shredded 2 1.68 3 2.52 0.60 
      
How do you choose which seeds to use?     0.80 
I have a seed consultant (1) 30 24.00 31 24.80 0.62 
I use what my neighbor uses (2) 1 0.80 0 0.00 0.33 
I research on my own which is best 
based on the traits I am interested in (3) 22 17.60 20 16.00 0.89 
I have no plan when picking out seeds 
(4) 2 1.60 1 0.80 0.59 
Other10 8 6.40 10 8.00 0.52 
      
Do you test your soil?     0.02 
   Yes 57 44.88 61 48.03 0.02 
   No 8 6.30 1 0.79 0.02 
      
Did you do tilling or rotation from 2014 to 
2015?     0.84 
Tilling 16 25.00 19 29.69 0.55 
Rotation 14 21.88 15 23.44 0.89 
      
If tillage is selected:     0.84 
Conventional tillage (<15% surface 
residue left in the field) (1) 28 23.14 23 19.01 0.54 
Reduced tillage (15 to 30% surface 
residue lef tin the field) (2) 18 14.88 20 16.53 0.55 
Conservative tillage (>30% surface 
residue left in the field) (3) 7 5.79 9 7.44 0.51 
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1Median total number of cows = 90, therefore farms with ≤ 90 cows were considered small (n = 68) 
and farms with > 90 cows were considered large (n = 65). 
2Chi-square analysis 
3Multiple answers given, specific combinations listed: 1,4 (n = 1); 2,3 (n = 8); 2,4 (n = 12); 3,4 (n = 
2); 1,2,3 (n = 2); 1,2,4 (n = 5); 2,3,4 (n = 35); 1,2,3,4 (n = 33).  
4Multiple answers given, specific combinations listed: 1,3 (n = 6); 1,5 (n = 6); 2,3 (n = 2); 3,4 (n = 
6); 3,5 (n = 20); 4,5 (n = 1); 1,3,5 (n = 1); 2,3,5 (n = 1); 2,4,5 (n = 1); 3,4,5 (n = 2); 1,2,3,5, (n = 1); 
2,3,4,5 (n = 3). 
5Multiple answers given, specific combinations listed: 1,2 (n = 1); 1,3 (n = 1). 
6Multiple answers given, specific combinations listed: 1,2 (n = 1); 1,3 (n = 5); 2,3 (n = 1); 1,2,3 (n = 
2). 
7Multiple answers given, specific combinations listed: 2,3 (n = 2).  
8Multiple answers given, specific combinations listed: 1,2 (n = 12); 1,3 (n = 2); 1,4 (n = 1); 1,5 (n = 
4); 2,3 (n = 2); 2,5 (n = 1); 4,5 (n = 1); 1,2,3 (n = 2); 1,2,5 (n = 3); 1,3,5 (n = 1); 1,4,5 (n = 1); 
1,2,3,5 (n = 1).  
9Multiple answers given, specific combinations listed: 1,2 (n = 5). 
10Multiple answers given, specific combinations listed: 1,3 (n = 15); 1,4 (n = 2); 1,2,3,4 (n = 1). 
11Multiple answers given, specific combinations listed: 1,2 (n = 4); 2,3 (n = 8); 1,2,3 (n = 4).  
12Multiple answers given, specific combinations listed: 1,2 (n = 1); 1,4 (n = 5); 1,5 (n = 1); 2,3 (n = 
1); 2,4 (n = 7); 2,5 (n = 2); 3,4 (n = 3); 4,5 (n = 1); 1,2,4 (n = 2); 2,4,5 (n = 4); 1,2,3,4 (n = 2); 
1,2,4,5 (n = 2); 1,3,4,5 (n = 1).  
13Multiple answers given, specific combinations listed: 1,2 (n = 4); 1,4 (n = 3); 1,5 (n = 3); 2,3 (n = 
2); 2,4 (n = 1); 2,5 (n = 2); 3,4 (n = 2); 3,5 (n = 1); 4,5 (n = 4); 1,2,5 (n = 3); 1,3,4 (n = 3); 1,4,5 (n 
= 1); 2,3,4 (n = 1); 2,4,5 (n = 1); 1,2,4,5 (n = 1).  
 
 
 
Appendix 3.6. (Cont.)      
Other11 8 6.61 8 6.61 0.90 
      
If rotation is selected:     0.28 
Corn – corn (1) 2 2.20 7 7.69 0.07 
Corn – soybean (2) 8 8.79 3 3.30 0.14 
Corn – corn – soybean (3) 5 5.49 8 8.79 0.32 
Corn – alfalfa (4) 5 5.49 7 7.69 0.48 
Corn – soybean – wheat (5) 8 8.79 6 6.59 0.65 
Other12 15 16.48 17 18.68 0.55 
      
What are the areas of improvement for 
forages on your farm?     0.35 
DM (1) 6 7.69 5 6.41 0.83 
Mold (2) 5 6.41 1 1.28 0.11 
Density (3) 0 0.00 1 1.28 0.30 
Greater inclusion in diet (4) 2 2.56 5 6.41 0.21 
Strategic management (5) 11 14.10 10 12.82 0.93 
Other13 14 17.95 18 23.08 0.32 
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Appendix 3.7. Survey 
Demographic 
1) Name of the farm’s owner(s): 
_______________________________________________________________________ 
2) Farm address: 
  ____________________________________________________________________ 
3)  Are you willing to let us access your DHI records once to extract production and 
reproduction data? Your individual farm will never be identified in analysis or reports. 
m No 
m Yes 
 
4)  If you are willing to give us your DHI records, please complete: 
q DHI Herd number __________________________________ 
q DHI PIN number ___________________________________ 
q RAC CODE number ________________________________ 
 
5) Age range of the owner(s): 
m < 30 years 
m 31 - 40 years 
m 41 - 50 years 
m 51 - 60 years 
m > 60 years 
 
6) Level of education of the owner(s): 
m High School 
m Technical college 
m Bachelor of science degree 
m Master of science degree 
m Other ________________________________________ 
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7) Average level of education of the employees: 
m High School 
m Technical college 
m Bachelor of science degree 
m Master of science degree 
m Other ________________________________________ 
 
8) What type of operation did you have in 2015? 
m Organic 
m Not organic / conventional 
 
9) How long do you expect the farm will be in business? 
m < 5 years 
m 5 - 10 years 
m > 10 years 
 
10) After retiring, who are you expecting to own your farm? 
m Owned by next generation 
m Owned by other 
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11) How do you keep records? 
m No records 
m Handwritten 
m On line computer (or on farm) 
m Offline computer (off farm) 
m Other _________________________________________ 
 
12)  When implementing new ideas, which of the following factors were important in 
guiding your decision? 
 not important important very important 
Advice from consultants or veterinarians m  m  m  
Conferences/meetings m  m  m  
Consultation with business partners or family members m  m  m  
Consultation with other farmers m  m  m  
Internet resources m  m  m  
Printed magazines/publications m  m  m  
University extension programs m  m  m  
 
13) How often do you or the farm's employees attend farming conferences or meetings? 
m Never 
m Monthly 
m Quarterly 
m Twice per year 
m Annually 
m Other ____________________________________________ 
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14)  What type of computer record system do you have? 
m Dairy Comp 305 
m PCDART 
m DHI - Plus 
m Dairy Plan 
m Other ________________________________________ 
 
Milk Quality 
15)  What was the average number of milking cows in 2015? 
_______________________________________________________________________ 
16)  What was the rolling herd average lb/cow in 2015? 
_______________________________________________________________________ 
17)  What company or cooperative bought most of the milk you produced in 2015? 
_______________________________________________________________________ 
18)  Number of times per day the majority of your cows were milked in 2015? 
m 1 
m 2 
m 3 
m more than 3 
 
19)  What and when was the highest, average, and lowest bulk-tank somatic cell counts for 
milk shipped during 2015?  
q Highest SCC _____________________________________ cells/mL 
q Month of the highest SCC __________________________ 
q Average SCC ____________________________________ cells/mL 
q Lowest SCC _____________________________________ cells/mL 
q Month of the lowest SCC ___________________________ 
 
20)  Did your farm have milking standard operation procedure (SOP) during 2015? 
m Yes 
m No 
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21)  Were milk cultures performed on any of the following during 2015? Check all that apply 
q Individual cows 
q Bulk – tank milk 
q String samples (samples representing a group/pen of cows) 
 
22)  During 2015, what types of cows were typically selected for milk culturing?  Check all 
that apply 
q Fresh cows 
q All clinical mastitis cases 
q Clinical mastitis cases that did not respond to treatment 
q High somatic cell count cows 
q Other __________________________________ 
 
23)  Were any of the following organisms identified from milk cultured during 2015?  Check 
all that apply 
q Step. agalactiae 
q Staph. aureus 
q Mycoplasma 
q E coli, Klebsiella/other gram negative 
q Coagulase neg staph (Staph. spp.) non – aureus 
q Environmental strep (Strep. Spp.) non – agalactiae 
 
24)  Of the following people listed, who were responsible for diagnosing mastitis?  Check all 
that apply 
q Owner 
q Milkers 
q Manager / herdsman 
q Other ________________________ 
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25)  During 2015, did the mastitis treatment protocol involve (check all that apply): 
q Moving cows to a separate milking pen 
q Intramammary (IMM) antibiotics 
q Systemic antibiotics 
q Frequent stripping of affected quarter 
q Early dry – off 
q Organic / homeophatic remedies 
q Other ____________________ 
 
26)  Were milk samples tested for antibiotics residues from (check all that apply): 
q Fresh cows 
q Individual cows recently treated with antibiotics 
q Bulk – tank before processor pickup 
q Other ____________________ 
 
27)  What percentage of cows were dried off based on the following protocols during 2015? 
Set schedule (e.g. so many days prior to calving) ____________________ % 
Minimum milk – production level ____________________ % 
 
28) During 2015, what percentage of cows were dried off using the following methods? 
Abruptly stop milking ____________________ %  
Skip milking before complete dry off 
(e.g. milk once a day for a number a day)  ____________________ % 
Other ____________________ % 
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29) Which of the following management practices did this operation use at dry-off in 
2015?  Check all that apply 
q Perform California Mastitis Test (CMT) or other individual cow SCC test 
q Reduce the quality / energy content of feed 
q Restrict access to feed 
q Restrict the access to water 
q None 
 
30) If feed access restricted, how many hours were cows generally without feed at dry–off  
___________________ hr 
 
31) If  water restricted, how many hours were cows generally without water at dry–off  
___________________ hr 
 
32) Were intramammary antibiotics used at dry - off in 2015 on (check all that apply) : 
q Dry- cow treatments 
q All cows 
q Based on SCC 
q Based on history of mastitis (clinical / chronic) 
q Based on milk production 
q During adverse weather only 
q During one or more seasons 
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33) Were internal teat sealant antibiotics used at dry - off in 2015 on (check all that apply) : 
q Dry- cow treatments 
q All cows 
q Based on SCC 
q Based on history of mastitis (clinical / chronic) 
q Based on milk production 
q During adverse weather only 
q During one or more seasons 
 
34) Were external teat sealant antibiotics used at dry - off in 2015 on  (check all that apply): 
q Dry- cow treatments 
q All cows 
q Based on SCC 
q Based on history of mastitis (clinical / chronic) 
q Based on milk production 
q During adverse weather only 
q During one or more seasons 
 
35) During 2015, approximately what percentage of cows were treated with dry - cow IMM 
antibiotics at dry–off ? 
____________________ % 
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36) Was it standard procedure to clean teat ends with alcohol pads before administering dry-
cow IMM antibiotics in 2015? 
m Yes 
m No 
 
37) Of cows treated during 2015 with dry–cow IMM antibiotics, what percentage were given 
the following antibiotics? 
Spectramast DC (ceftiofur hydrochloride ____________________ % 
Cefa – Dri®/ Tomorrow (cephapirin brnzathine) ____________________ %  
Boviclox; Dry – Clox ®, Dry – Clox ® Intramammary  
Infusion; Orbenin – DC® (cloxacilin benzathine) ____________________ % 
Gallimycin®-Dry (erythromycin) ____________________ % 
Biodry® (novobiocin) ____________________ % 
Hanford’s/US Vet Go Dry (penicillin G procaine) ____________________ % 
Quartermaster® Dry Cow Treatment (penicillin G  
procaine/dihydrostreptomycin) ____________________ % 
Albadry® Plus Suspension (penicillin G procaine 
/novobiocin) ____________________ % 
Other ____________________ % 
 
38) During 2015, was any raw milk consumed by dairy personnel? 
m Yes 
m No 
 
39)  During 2015, was any raw milk sold (e.g. e.g., direct purchase, cow share) for 
consumption by nondairy personnel? 
m Yes 
m No 
 
Facilities  
What was the primary housing type used during 2015 for lactating cows? 
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m Dry lot 
m Free stall 
m Bedded pack barn or equivalent type system 
m Pasture 
m Stanchion 
m Tie Stall 
m Other ______________________________________ 
 
40) What was the primary housing type used during 2015 for dry cows? 
m Dry lot 
m Free-stall 
m Bedded pack barn or equivalent type system 
m Pasture 
m Stanchion 
m Tie Stall 
m Other ________________________________________ 
 
41)  During 2015, were close – up (3 weeks before calving to calving) cows housed 
separately from other dry cows?  
m Yes 
m No 
 
42) During 2015, what was the primary milking facility used on this operation? 
m Parlor 
m Tie stall or stanchion barn 
m Other _________________________________________ 
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43) If you answered parlor, which of the following best describes the primary milking parlor 
on this operation? 
m Side opening (tandem) 
m Herringbone (fish bone) 
m Parallel (side by side) 
m Parabone (herringbone/parallel hybrid) 
m Swing 
m Rotary (carousel) 
m Flat Barn 
m Other _________________________________________ 
 
44) What was the primary bedding for lactating cows during 2015? 
m Straw and/or hay 
m Sand 
m Sawdust/ wood products 
m Composted manure 
m Dried manure 
m Rubber mats 
m Shredded newspaper 
m Mattresses 
m Corn cobs and stalk 
m Water beds 
m None - housed only on dirt/pasture 
m Other ____________________ 
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45)  What was the primary bedding for dry cows during 2015? If primary bedding is not 
sand, then go to question 56 
m Straw and/or hay 
m Sand 
m Sawdust/ wood products 
m Composted manure 
m Dried manure 
m Rubber mats 
m Shredded newspaper 
m Mattresses 
m Corn cobs and stalk 
m Water beds 
m None - housed only on dirt/pasture 
m Other ____________________ 
 
46)  If primary bedding was sand, where did you get the sand from? 
_______________________________________________________________________ 
47) If primary bedding was sand, did you recycle sand during 2015? 
m Yes  
m No 
 
48) If you recycled any sand during 2015, how did you do it? 
m Non – mechanical separation 
m Mechanical separation 
m Other ________________________________________ 
 
49) If you recycled any sand during 2015: 
What % of sand was recycled? ____________________ % 
       How much sand did you still have to buy/month? ____________________ %  
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50) Do you know what is the percentage of dry matter in the sand that you are using? 
m Yes ___________________ %   
m No 
 
51)  Do you know what is the percentage of organic matter in the sand that you are using? 
m Yes    ____________________ % 
m No 
 
52) Type of sand: 
m Fine sand 
m Coarse sand 
m Other ______________________ 
 
53)  Bedding quantity: 
m Base not exposed, bedding level with curb 
m Base not exposed, bedding slightly dished out 
m Base exposed (less than 50 percent) 
m Base mostly exposed (more than 50 percent) 
m No bedding present 
 
54)  Days between bedding additions/changes 
m 1 to 2 
m 3 to 4 
m 5 to 6 
m > 7 
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55) Did a nutritionist aid in formulating diets in 2015?  
m Yes – I rely quite heavily on a nutritionist 
m Yes – but he/she only does major formulations, I tweak it 
m No – I ( or someone on the farm) formulate the diet 
 
56) Which of the following describes how the majority of lactating cows were fed during 
2015? 
m All lactating cows fed the same ration 
m Individual cows or groups of cows fed based on production/stage of lactation 
m Individual cows or groups of cows fed based on lactation number, such as first 
lactation     cows fed separately 
m Other _______________________________ 
 
57)  During 2015, who was primarily responsible for balancing rations fed to dairy cows? 
m Employee (not a veterinarian) 
m Independent nutritionist 
m Feed company nutritionist 
m Veterinarian 
m Operator/owner 
m Other _________________________________ 
 
58)  During 2015, did this operation use forage test results to balance feed rations? 
m Yes 
m No 
 
59)  During 2015, did this operation feed a total mixed ration (TMR) 
m Yes 
m No 
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60)  How do you deliver diets to cows on the farm?  
m Component feed: forage in the lots, with grain in the parlor 
m As a total mixed ration in the lots 
m Cows are on pasture, with grain in the parlor 
 
61)  During 2015, which of the following feed management programs was primarily used on 
this operation? 
m Ezfeed® 
m Feed Supervisor® 
m Feed Watch® 
m TMR TrackerTM 
m dg precision FEEDING TM System 
m None 
m Other ___________________________________ 
 
62) Do you regularly send feed samples for chemical testing? 
m Yes – I send one once a month 
m Yes – I send one 4 times a year, with the season change 
m Yes – I send one sample a year 
m No – I do not send feed samples to a commercial lab for testing 
 
63) How often do employees shake out a TMR in the Penn state box? 
m Every day 
m Weekly 
m Biweekly 
m Monthly 
m Quarterly 
m Other _______________________________ 
 
 
 
 
212 
 
64) How often do you measure TMR dry matter? 
m Every day 
m Weekly 
m Biweekly 
m Monthly 
m Quarterly 
m Other __________________________________ 
 
65)  During 2015, did any dairy cows ever drink from the following sources? 
m A cup/bowl waterer 
m A water tank or trough (covered or uncovered) 
m A lake, pond stream, river, etc 
m Another source _______________________________ 
 
66)  In 2015, did you include an aflatoxin binder in your mineral mix?  
m Yes – we include a clay 
m Yes – we include an algae binder 
m  Yes – we include yeast 
m No – we do not 
m Other _________________________________________ 
 
67)  During 2015, what percent of dairy cattle received water from the following sources? 
Ground water (well) ____________________ % 
Surface water (ponds, lakes, streams) ____________________ % 
 
68) During 2015, did this operation perform any water quality testing (e.g. for bacteria, 
minerals, etc.) of cattle drinking water? 
m Yes 
m No 
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69)  Main forage included in the diet: 
m Corn silage 
m Hay 
m Alfalfa 
m Haylage 
 
70)  If corn silage for the above question: how much corn silage was included in the lactation 
diet (% of DM): 
m 30-39% 
m 40-49% 
m 50-59% 
m 60-69% 
m 70-79% 
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71) The feed ingredients, specifically corn silage, are grown on your farm or is it contracted 
out and feed is delivered?  
m I grow my own corn, and ensile corn silage at my farm 
m I contract out and buy corn silage 
 
72)  If you grow your own corn, do you have an integrated pest management system (IPM) 
for corn? 
m Yes 
m No 
 
73)  For your IPM system (check all that apply):  
q Fungicides 
q Herbicides 
q Insectides 
q Hybrid seeds 
 
74) What were the corn varieties used during 2015? Check all that apply. 
q Brown mid rib (BMR) based on milk production 
q Floury seeds 
q Hybrid conventional silage type 
q Non-GMO 
q Dual – purpose 
 
75) If you apply fungicide on corn, how do you know when to apply:  
m It is a routine application during V5-V7 in combination with herbicides 
m I routinely apply fungicide at VT-R1 
m I routinely apply fungicide during R3-R4 
m My field is scouted routinely to make assessments for application 
m I do not apply fungicide 
 
 
 
215 
 
76) Did you have a problem with corn borer worms during 2015?  
m Yes- my fields consistently do have a problem 
m No – my fields do not have a problem with it 
 
77) Did you have any corn foliar disease in 2015? Check all that apply 
q Corn rust 
q Northern corn leaf blight 
q Grey leaf spot 
q Other______________________________ 
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78) Did you use an inoculant on your corn silage?  
m Yes – when chopping 
m Yes – when ensiling  
m Yes – both (chopping and ensiling) 
m No 
 
79) What was the average number of days corn was ensiled for before feeding to cows? 
m 0-49 days 
m 50-99 days 
m 100-149 days 
m 150-199 days 
 
80)   How do you know when to harvest corn for silage?  
m I walk into the field and break open a corn cob, using the milk line as an estimate 
m I perform a dry matter test on corn for an estimation 
m I use environmental conditions and growing degree days for an estimation of maturity 
m I use a contractor 
m I just know 
 
81)  When harvesting corn for corn silage do you run corn through a mechanical processer?  
m Yes -1 mm 
m Yes – 4mm 
m No, I do not use one 
 
82)  When harvesting for corn silage, what do you set your length of chop to? 
m ¼ an inch 
m ½ of an inch 
m 3/4 of an inch 
m 3/8 of an inch 
m 1 inch 
m I do not know 
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83)  Who is in charge of harvesting? 
m Custom chopper 
m Yourself 
 
84)  Do you know how the corn was processed? 
m Kernel processed 
m Not kernel processed 
m Shredded  
 
85) When preparing silage for storage, how do you store it? If more than 1, include the % of 
total volume. 
m Bunker    ____________________ % 
m Bag       ____________________ % 
m Pile   ____________________ % 
m Upright silo  ____________________ % 
m  Oxygen limiting silo ____________________ % 
 
86)  How do you choose which seeds to use?  
m I have a seed consultant 
m I use what my neighbor uses 
m I research on my own which is best based on the traits I am interested in 
m I have no plan when picking out seeds 
 
87) Do you test your soil? 
m Yes 
m No 
 
88)  Did you do tilling or rotation from 2014 to 2015? 
m Tilling 
m Rotation 
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89) If tillage is selected: 
m Conventional Tillage ( < 15% surface residue left in the field) 
m Reduced tillage (15 to 30% surface residue left in the field) 
m Conservative tillage (>30% surface residue left in the field) 
 
90) If rotation is selected: 
m Corn - corn 
m Corn - soy bean 
m Corn - corn - soy bean 
m Corn – alfalfa 
m Corn – soy bean - wheat 
m Other ________________________________________________________ 
 
91)   What are the areas of improvement for forages on your farm? Check all that apply: 
q DM 
q Mold 
q Density 
q Greater inclusion in diet 
q Strategic Management 
q Other ________________________________________________________ 
 
